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he OXWELDED JOINT 
—100 per cent efficient 


Oxwelded pipe joints made under Linde Procedure Control are as 
strong, as permanently leakproof, as easy to insulate and as free of 
maintenance expense as the pipe itself. They meet every requiremen! 
of modern piping design, increasing operating efficiency and practically 
eliminating upkcep costs. : 

Progressive engineers specify oxwelding under Linde Procedure Control. 
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65 Linde plcnts ... 48 Prest-0-Lite plants. .. 174 Oxygen Warchouse stocks... 156 Acetylene 
Warehouse stocks . . . 42 Apparatas Warehouse stocks... 245 Union Carbide Warehouse stocks 
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President E. A. Doyle 


Actively identified with the welding 
industry for the past fourteen years, 
KE. A. Doyle, recently elected president 
of the American Welding Society, 
first became interested in this profes- 
sion in 1908, when he took part in the 
cutting operations incident to raising 
the battleship Maine from Havana 
harbor. Subsequently, other engi- 
neering activities occupied his time, 
but in 1916 he resumed his contact 
with the industry, entering the Davis- 


PRESIDENT E. A. DoyYLe 


Bournonville Company’s trade school 
at Jersey City, N. J., to learn the 
run ‘amental principles of oxy-acety- 
‘ene welding and cutting. Later he 
bee e a salesman for this company. 

During the World War, he served 
in 1 United States Army Corps of 
En eers, starting with the rank of 
irst ieutenant and rising to the rank 
- jor. Returning to the Davis- 
, onville Company in 1919 as 


works manager, he subsequently be- 
came gerenal manager. In March, 
1922, Mr. Doyle joined The Linde Air 
Products Company as assistant gen- 
eral sales manager in charge of ser- 
vice. Four years later. he became 
consulting engineer in charge of proc- 
ess development. 

Mr. Doyle has been prominently 
identified with the activities of the 
American Welding Society since its 
formation. He served as a director 
and was responsible for the organi- 
zation of the Committee on Building 
Codes, of which he was chairman un- 
til his election to the presidency. He 
is a charter member of the Society of 
American Military Engineers, and of 
several other technical and scientific 
organizations, and until his resigna- 
tion a year ago, was a major in the 
Engineer Reserve Corps, in charge of 
production in the New York Procure- 
ment District. 


Qualifying Welders 


Reprinted from May 1, 1930, 
Engineering News-Record. 


Proof, if proof were needed, of the 
efficacy of qualification tests for weld- 
ers was furnished convincingly by the 
progress report of the structural steel 
welding committee at the convention 
of the American Welding Society last 
week. Plotted values of ultimate 
strengths of more than 1000 welded 
joints of various types and sizes 
made by welders in some 40 widely 
separated fabricating shops appeared 
as large black spots on the charts, so 
close was their agreement. Also, no 
striking difference was apparent be- 
tween gas- and arc-welded specimens. 
This gratifying uniformity can be 
ascribed to no single factor more than 
to the qualifying tests which each 
welder was periodically required to 
pass. Briefly, these tests involved 
making test coupons by both hori- 
zontal and vertical welding which 
should average 45,000 lb. per square 
inch breaking strength in the weld 
metal. The actual average for the 33 
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welders who qualified, all of them 
run-of-shop welders, was 54,000 Ib. 
To the engineer who desires to use 
welding but is held back by the fear 
that the human element cannot be 
eliminated, with certainty, the uni- 
formity of these test results should 
prove a great satisfaction. The men 
who made the welds were kept on 
the alert by the qualification tests. 
There is no reason to believe that the 
same alertness and efficiency should 
not be capable of being developed on 
all routine or special shop and field 
work. If this is true, qualification 
tests, carefully and periodically ad- 
ministered, should lend assurance to 
the engineer who designs the struc- 
ture and to the contractor who fabri- 
cates and erects it. Indeed, welding 
contractors might give some thought 
to devising a system of qualification 
certificates. 


F. P. McKibben Elected Vice-Pres. 
of American Welding Society 


Professor F. P. McKibben the newly 
elected Vice-President of the Ameri- 
ean Welding Society was born on 
Nov. 13, 1871, at Ft. Smith, Kansas, 
and graduated from the Civil Engi- 
neering Department of the Massachu- 
setts Institute of Technology in 1894. 

During the past two years, Prof. 
McKibben has become well known to 
the welding industry, having ad- 
dressed 85 meetings of engineers and 
architects on the subject of welding 
steel buildings. The total attendance 
ut these meetings was over thirteen 
thousand persons. 

From 1894 to 1907 he served as in- 
structor and professor in the Institute 
of Technology, and from 1907 to 1919 
as Professor of Civil Engineering at 
Lehigh University, where he built the 
John Fritz Engineering Testing Lab- 
oratory. 

From 1919 to 1926, Professor of 
Civil Engineering at Union College, 
Schenectady, N. Y., from which insti- 
tution he resigned to devote all of his 
time to private practice. 

During the thirty-two years of his 
connection with Colleges as Instructor 
and Professor of Structural Engi- 
neering, Mr. McKibben taught struc- 
tural steel design and re-enforced 
concrete design. In addition to his 
teaching he has actively engaged 
throughout this period in engineering 
practice. 

The following are some of the more 
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important positions which Mr. Mc 





























































































































Lv 
Kibben held in the active practice of Myo” ci 
his profession: uy 
Designing Engineer, Boston Ele the Pls 
vated Ry Co., elevated railway struc Board 
ture and buildings; Assistant Bridg, ak a 
Engineer, Massachusetts. Railroad f Cont 
The 
structio) 
gineers 
Detroit 
A joi 
Society 
April < 
Swift E 
an illu: 
Welding 
After t 
nual di 
followe¢ 
teen-cy] 
Strickle 
Cadillac 
fifty pe 
Northerr 
A ve 
Section 
Pittsfie. 
tric Co 
follows 
trip te 
VICE-PRESIDENT F. P. McKIBsen ing in 
Dp. Mm. & 
Commission; made calculations for Dp. m, 
and examined 1500 railroad bridges lustrate 
and 800 highway bridges during six present 
years; designed, equipped, and for duction 
ten years had charge of operation 0! luded 
Fritz Testing Laboratory at Bethle- ng tu 
hem, Pa., testing steel and concrete, films f 
ete.; Consulting Engineer, Pennsy!- Weldir 
vania Water Supply Commission and 7 
1914; bridges and dams; one of the Weste: 
organizers of People’s Trust (o., Th 
Bethlehem, Pa., and Vice-President Woeet, 
for five years; was connected with the at t] 
design of the following structures: nM 





Connecticut River Bridge at Chicopee, 
Mass.; Merrimac River Bridge 4 
Haverhill, Mass.; Bridge at u- 
cester, Mass.; Bridge at Beverly, 
Mass.; Twenty-three bridges in_\\ est 
ern Massachusetts; Bridge in Central 
Park, Schenectady, N. Y.; New sed- 
ford, Mass.; drawbridge with revolv- 
ing weight of 2,000,000 lbs.; tee! 
work for New Bedford Savings | :nk, 
highway bridge over Allegheny el 
at Oil City, Pa. 
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In 1924 and 1925 Mr. McKibben 
was City Engimeer of Schenectady, 
N. Y.; also serving as a member of 
the Planning Commission, of the 
Board of Estimate and Apportion- 
ment, of the Park Board, of the Board 
of Contract and Supply. 

The Chapter on Steel Bridge Con- 
struction in the American Civil En- 
gineers Handbook (first edition) and 


the chapter on Concrete Arch Bridges 
in Taylor & Thompson’s Concrete— 
Plain and Re-enforced were written 
by Mr. McKibben. 

He is at present Consulting Engi- 
neer for General Electric Co.; and 
for the City of Rochester where he is 
building two bridges. He also has 
charge of two fourteen-story welded 
buildings. 


SECTION ACTIVITIES 


Detroit 

A joint meeting was held with the 
Society of Automotive Engineers on 
April 21. H. A. Woofter, of the 
Swift Electric Welder Company, gave 
an illustrated lecture on Resistance 
Welding in the Automotive Industry. 
After the paper on welding the an- 
nual dinner of the S.A.E. was held, 
followed by a description of the six- 
teen-cylinder Cadillac car by Mr. 
Strickland, chief engineer of the 
Cadillac Motor Car Company. About 
fifty people attended. 
Northern New York 

A very interesting meeting of this 
Section was held on June 12 at the 
Pittsfield Works of the General Elec- 
tric Company. The program was as 
follows: At 2.30 p. m. an inspection 
trip to see the applications of weld- 
ing in the Pittsfield Works; at 6.30 
Pp. m. a chicken dinner, and at 8.00 
p. m. the meeting, at which an il- 
lustrated lecture on gas welding was 
presented by Mr. Graw of the Air Re- 
duction Sales Company, which in- 
cluded a demonstration of gas weld- 
ing tubes. Sound motion picture 
films followed on Atomic Hydrogen 
Welding, Conquest of the Cascades 
and The Eleetrie Ship. 
Western New York 


; The regular monthly meeting of the 
Vestern New York Section was held 
at the State Hotel, Buffalo, N. Y.., 


meeting was devoted to Ther- 

‘elding and was addressed by 
L. Browne of the Metal & 

Corp. The very interesting 
structive lecture was _illus- 

oy lantern slides and moving 
There was also an actual 


mo r-iration of this process of weld- 
Py s the last monthly meeting 


season and a complete pro- 


Pictur 


gram for the following season will 
soon be announced. 


San Francisco 


The May meeting of the San Fran- 
cisco Section was held at the Athens 
Athletic Club, Oakland, Cal., on the 
23rd. 

The meeting was devoted to the 
subject: “Resistance Welding,” with 
W. J. McRea as the principal speaker. 
Mr. McRea discussed butt, spot and 
seam welding and gave a general re- 
view of the industries in which this 
process finds its greatest use. A 
lively discussion followed the presen- 
tation of the paper. 


Boston 


A meeting of the Boston Section 
was held in the plant of the General 
Welding & Equipment Company on 
May 23. At this meeting was shown 
the latest developments in metal coat- 
ing, atomic hydrogen welding, shape 
cutting machines and fabrication. 
Brief introductory remarks were 
given by Drs. Leopold Pessel, Metals 
Coating Company of America; S&S. 
Martin, Jr., General Electric Com- 
pany, and A. Krebs, General Weld- 
ing and Equipment Company. At the 
demonstration opportunity was pro- 
vided for the asking of questions and 
discussion of points of interest. Re- 
freshments were served. 


New. York 


The regular monthly meeting of the 
New York Section was held on May 
20. Commander Edward Elisberg 
spoke on the “Development of the 
Elisberg S-51 Underwater Cutting 
Torch.” In connection with this pa- 
per a motion picture covering the ac- 
tivities in the raising of the U. S. S. 
S-51 was shown. Charles Kandel 
spoke on the “Industrial Projects on 
Which the Ellsberg Underwater Cut- 
ting Torch Has Been Used.” This 
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was illustrated with stereopticon fit, including demonstration of dress. 
views. An exhibition of diving rig ing a diver for his work, followed the 
and complete underwater cutting out- presentation of the papers. 


SOME OF THE CONTRIBUTORS TO THIS ISSUE 


L. H. Burkhart, author of the paper on “Welding of Super-Code Pressure 
Vessels,” graduated from the Missouri State University in 1897. He has been 
connected with the welding industry for 22 years and has been chief engineer 
for the Struthers-Wells Company for the past 33 years. He is a member of 
the American Society of Mechanical Engineers and the American Welding 
Society and numerous technical committees of the American Welding Society, 
with particular reference to pressure vessels. He is author of several technical 
papers published for various engineering societies. 

J. H. Edwards, chief engineer of the American Bridge Company, is joint 
author of the paper on “Transverse Tests of H-Section Column Splices.” Mr. 
Edwards has served as director of the American Society of Civil Engineers, 
trustee of Cornell University, and has been conspicuously identified with th: 
welding industry through his pioneer work in the design and erection of 
welded steel structures. He was awarded the 1928 Samuel Wylie Miller Meda! 
of the American Welding Society for his contribution to applications of weld- 
ing in this field. He is chairman of the Structural Steel Welding Committee 
of the American Bureau of Welding. 

H. L. Fetter, manager of the Rochester Welding Works, author of the paper 
on “Job Shop Welding,” was born in 1890. He was assistant genera! foreman 
and regional inspector for the Pennsylvania Railroad, but left their service 
in 1921 to become superintendent of the Rochester Welding Works, in which 
connection he was associated with the late S. W. Miller. He is a member of 
the American Welding Society, Rochester Engineering Society and the Roches- 
ter Chamber of Commerce. 

A. H. Stang, senior materials engineer of the U. S. Bureau of Standards. 
joint author of the paper on “Transverse Tests of H-Section Column Splices,” 
was born in 1889. He has been connected with the Engineering Mechanics 
Section of the Bureau since 1919. He is author of several Bureau technologic 
and research papers giving results of investigations on various engineering 
materia's. He is a member of the American Society for Testing Materials 
and the American Physical Society. 

Herbert L. Whittemore, chief, Engineering Mechanics Section, Bureau of 
Standards, joint author of the paper on “Transverse Tests of H-Section Col- 
umn Splices,” was born in 1876, and graduated from the University of Wis- 
consin in 1903. He has had practical experience in several shops in the East 
and Middle West and developed methods of production in Berlin, Germany, 
Manchester, England, and New Hampshire, U. S. A. He was in charge of the 
student instruction and materials laboratory, University of Illinois, in 191), 
and engineer of tests at the Watertown Arsenal from 1910 to 1912. He taught 
engineering mechanics in several universities, including Columbia and Okila- 
homa. He has been connected with the Bureau of Standards since 1917, and 
was awarded the Morehead Medal of the International Acetylene Association 
for 1927 for outstanding research work relating to industrial applications of 
oxy-acetylene welding. 


SERVICES AVAILABLE 

A-101. Electric Arc Welder of high caliber desires position with reliable 
firm or industry. Must be permanent. General Electric Arc Welding School 
trained and ten years’ practical experience. 

A-102. Structural Engineer now Sales Manager of well-known manufac- 
turer of structural steel and ornamental iron, using considerable are we'ding, 
desires to form a connection with a manufacturer specializing in, or wishing 
specialize, in the manufacture and erection of structural steel and ornamenta! 
iron by welding methods. Would desire to make some investment. 

A-103. Welder desires position. Just recently completed a course in cle¢- 
tric and acetylene welding. Would prefer electric welding but is willing 
do either. 
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Transverse Tests of H-Section Column Splices* 


By JAMES H. Epwarps', H. L. WHITTEMORE’, AND A. H. STANG’ 


I. INTRODUCTION 


TEEL structures are composed of large members, such as columns 
and floor beams, joined or fastened together with small plates, 
angles, or other shapes which are commonly referred to as structural de- 
tails. The complex distribution of stress in the details requires that tests 
be made to show whether the methods used in determining the size of 
the details result in safe and economical structures. If for some reason 
a detail is changed, further tests should be made to determine the effect 
of the change. 

The adoption of welding in the fabrication and erection of structural 
steel has brought about the modification of many structural details. 
The present investigation was undertaken to determine the effect of 
substituting welding for riveting in the fabrication of details used in 
splicing columns of steel-frame buildings and of changing the location 
of the splice plates from a position parallel to the flanges of the columns 
to one parallel to the webs of the columns. 

The columns of steel-frame buildings are commonly made in 2-story 
lengths and are connected at alternate floors by splices. The weight of 
the structure and its contents and the wind pressure against the structure 
produce compressive, bending, and shearing stresses in the columns and 
splices. At the column connections or joints, the splice plates joining 
the ends of the columns resist the bending and shearing stresses. The 
compressive stress at the joints is commonly assumed to be carried by 
the columns only. The stress is transferred from the upper to the lower 
column by bearing. 


The tests reported in this paper were made to investigate the strength 
and other properties of welded splice connections of H sections subjected 
to bending. No tests were made to determine the resistance of this type 
of connection to shearing stresses. 

Columns in steel-frame buildings are commonly 10, 12 or 14 in. wide. 
Data on the strength of splices of these sizes of columns were desired, 
using as few specimens as possible. As wind pressure on a building may 
produce loads on the columns in the direction of either of the transverse 
axes, it Was necessary to test some specimens under loads parallel to one 
axis and other specimens under loads parallel to the other axis. 

Because the specimens were loaded as simple beams, they will be called 

s” in this report. It should be remembered, however, that they 
ent spliced column sections under the action of bending stresses. 
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The American Bridge Co. furnished the specimens which were designed 
by James H. Edwards, chief engineer. O. E. Hovey, assistant chief 
engineer, and other members of the company’s engineering staff assisted 
in making the tests. Prof. Elmer O. Bergman, research associate, cop- 
tributed considerably to the analysis of the test data and edited th 
manuscript. 

TABLE OF SYMBOLS 
Bu = Force exerted by upper bolts on plate. 
B. = Force exerted by lower bolts on plate. 
C = Resultant compressive force. 
T = Resultant tensile force. 
N. A. = Neutral axis. 
C, = Compressive force on upper flange of H beam at spliced section. 
C, = Resultant of Br and C.,. 
C, = Resultant of W- and C.. 
W, = Force exerted through upper weld on H beam. 
Wc: = Force exerted through the lower weld on H beam. 
S; = Tensile stress. 
S,. = Compressive stress. 
S, = Shear stress in bolts. 
S.w = Shear force per unit length in weld. 


II. SPECIMENS 


Plates were placed parallel to the webs of the H sections and welded 
to the inside faces of the flanges as shown at A in Fig. 1. The welds 
for the 10 and 14 in. H sections with the exception of column Ci4-B352W, 
which had fillet welds, were single-bevel butt welds as shown in Figs. 2 
and 8. The welds for the 12-in. H sections were 5/16-in. fillet welds as 
shown in Figs. 4 and 5. The distance from the ends of the plates to the 
ends of the H sections were % in. The angles welded to the H section 
at B in Fig. 1 were used in an investigation of the strength of welded 
shelf angles which will be reported in a later paper. 


The H sections were 3 ft. long and 10, 12, or 14 in. wide. They were 
fastened together in pairs with either two or four splice plates bolted 
to the plates which had been welded to the H sections. The bolts were 
7% in. in diameter and were placed in two rows parellel to the longitudinal 
axes of the H sections. The plates had 15/16-in. punched holes. ne 
splice plate was placed outside the welded plates on each side of the 
specimens that had single splice plates. (Fig. 2 to 6.) Two splice plates, 
one inside and one outside the welded plates, were used on each side of 
the specimens that had double splice plates. (Fig. 7.) 


The properties and dimensions of the specimens are given in Table |. 
Fig. 7 shows a specimen in the machine before testing. The cross sections 
of the specimens are given in Figs. 2 to 5. The dimensions of the H 


sections are the nominal dimensions given in Carnegie Beam Se«tions 
(1st ed., 1927). 


Four specimens were tested with the loads parallel to the splice lates 
and to the webs of the H sections as shown in Fig. 7. Two of these were 
composed of 10-in. H sections (Fig. 2), the other two were of 14-in. # 
sections (Fig. 3). One specimen of each size had single, the other had 
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double splice plates. The same H sections were used for the specimens 
with single and with double splice plates, the specimens with single plates 
being tested first. It was believed that the behavior of 12-in. specimens 
could be predicted with sufficient accuracy for design purposes from the 
data on the 10 and 14 in. specimens. 





Fi. 1—H SEecTION SHOWING PLATE 
WeELpep ro INsipe Faces or FLANGES 
AT A 
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Three specimens were tested with loads perpendicular to the splice 
plates and webs as shown in Fig. 6. One specimen consisted of 12-in, 
sections and single splice plates and one of 12-in. H sections and double 
splice plates. (Fig. 4.) Used in conjunction with the data from speci- 
mens with loads parallel to the splice plates, the results from these tw 
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Figure 2.—Specimen 1; column C10-B1B4; column C10- 
B2B4; single splice plates, SP1, load parallel to the web of 
the H_ sections. Specimen 2, column C10-B1B4, column 
C10-B2B4, double splice plates SP1, load parallel to the web 
of the H sections 


Cross section at splice of specimens with loads parallel to web, showing position 
of neutral axis. Portions carrying stress indicated by full lines. 





specimens should give a good indication of the behavior of the 1! ane 
14 in. specimens under loads perpendicular to the splice plates. The ‘r 
specimen in this group consisted of one 12-in. and one 14-in. H sell 
with a bearing plate between and with single splice plates. (Fig. ‘ 
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Specimen 4 
Figure 3.—Specimen 3, column C14-B1B4, column C14-B2B4, single 
splice plates, SP3, load parallel to the web of the H sections. Specimen 4, 
column C14—B1B4, column C14-—B2B4, double splice plates, SP3, load 
parallel to the web of the H sections 


Cross section at splice of ae with loads parallel to web, showing position of neutral axis. 
ortions carrying stress indicated by full lines. 
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Ficure 4.—Specimen 5, column C12-BSBj4. single 
splice plates, SP2: load perpendiculer to web of the 
H_ sections. Specimen 6; column C12-B1B2W; 
column C12-B8B4, double splice plates, SP2; load 
perpendicular to the web of the H sections 


Cross section at splice of specimens with loeds jeular to web, 


showing position of neutral axis. Portions stress indicated 
by full lines, 
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was included to show the effect of a difference in width of the } 


sections, 
Ill. TEST PROCEDURE 


1. Loading of Specimens 


Specimens 1, 3, and 5 were tested in the bureau’s 600,000-Ib. capacity 
testing machine. Because of the larger loads required to produce failure 
the other specimens were tested in the 10,000,000-Ib. capacity machine. 
The specimens were tested as simple beams on a 66-in. span with loads 
applied at the quarter points. 
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Specimen 7 


Figure 5.—Specimen 7, column C14—B3B2W, column 
C12-B1B2W, bearing plate, C12F, between columns, 
single splice plates, SP4, load perpendicular to the web 
of the H sections 

Cross section at splice of specimens with loads perpendicular to web 


showing position of neutral axis. Portions carr stress indicated 
by fia} lines. 


In the 600,000-lb. machine the specimen was placed on 2%-in. rollers 
which were free to roll so as to avoid axial constraint in the specime! 
A loading beam rested on 2-in. rollers placed on the specimen at the 
quarter points. The spherical bearing block of the testing machine wa‘ 
applied to a 2-in. roller placed at the midspan of the loading beam. 


The method of loading specimens in the 10,000,000-lb. machine is shown 
in Fig. 7. The pins in the end supports were 2% in. in diameter and the 
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Fic. 6—SPECIMEN 7 TER TRANSVERSE TEST; 12-INCH AND 14-INCH H 
SECTION WITH RING PLATE, LOADS PERPENDICULAR » WEB 
failed in tension 


how! 


1 the 


Fic. 7—SPECIMEN 2 BEFORE THE TRANSVERSE Test; Two 10-INcH H 
ECTIONS ; LOADS PARALLEL TO WEB 
Splice plates failed in tension; welded plates showed signs of 
bearing failure 
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Figure 8.—Load-deflection curves for spliced H sections, specimens 1-7. 


Full lines indicate measured deflection. Dash lines are deflection of 1 beam with similar loading 
having a constunt moment of inertia equal to that computed for the weakest section of the test 
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Deflection at center -in. 
Ficure 9.—Load-deflection curve for spliced H sections, 
specimen 4, showing deflection at higher loads 





1930] WELDED COLUMN SPLICES 17 


rollers at the quarter points of the specimen were 2 in. in diameter. The 
lower platen of the testing machine has a spherical bearing which was 
adjusted at the beginning of a test to produce equal bearing on the 
rollers on the top of the specimen. No provision was made to eliminate 
axial constraint in these specimens. It was decided that the expense 
of providing the required number of rollers to permit longitudinal move- 
ment was not justified. 


2, Measurement of Deflection 


Wires were stretched on each side of the specimens between points 
directly over the supports as shown in Fig. 7. The deflections of the 
specimens were obtained by observing the positions of the wires in a 
mirror having a scale attached. The scale was graduated in tenths of 
an inch and the deflection was read by estimation to the nearest hundredth 
of an inch. Readings were taken at 5000-lb increments of load for speci- 
mens 1 and 5, and at 10,000-lb. increments for the others. 


IV. TEST RESULTS 


The load-deflection curves for the specimens are shown in Fig. 8. 
Fig. 9 gives the curve for specimen 4 plotted to a scale which allows 
the deflection at higher loads to be shown. The cross lines on the curves 
if Figs. 8 and 9 are placed at the loads for which the deflection ceased 
to web. The splice plates failed in tension across the net section through 
‘vield point” loads. The maximum load for each specimen is also given 
in Table 1.. The meaning of the dash lines in Figs. 8 and 9 will be ex- 
plained later. 


\ detailed account of the behavior of the specimens follows: 


Specimen 1.—Ten-inch H sections, single splice plates, loads_ parallel 
to be proportional to the loads, and these values are listed in Table 1 as 
one of the groups of holes nearest the middle of the plate. The failure 
began at the lower edges of the plates and extended progressively to the 
upper holes. The failure was similar to that shown in Fig. 10. 


Specimen 2.—Ten-inch H sections, double splice plates, loads parallel 
to web. Fig. 7 shows the specimen before testing, and Fig. 10 shows it 
after testing. This specimen failed in the-same way that specimen 1 
did. The lower holes in the welded plates were badly deformed. 

Specimen 3.—Fourteen-inch H_ sections, single splice plates, loads 
parallel to web. The splice plates scaled at a load of 218,000 Ib. The 
eight lower bolts in one of the H sections sheared. 


Specimen 4.—Fourteen-inch H sections, double splice plates, loads 
parallel to web. Fig. 11 shows the specimen after test with the splice 
plate in place, and Fig. 12 shows it with one outer splice plate removed. 
The welded plates failed in bearing against the bolts. The holes 
elongated noticeably and one plate split between holes. The top and 
bottom welds of one plate on one side of the specimen failed. On the 

side of the specimen the top weld of one plate and the bottom weld 
other failed. These weld failures occurred after the maximum 
n the specimen had been reached. The lower rows of bolts started 
ar. The webs of the H sections over the supports scaled, and the 
ions were permanently bent and distorted. 
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Fic. 10—-SPECIMEN 2 AFTER TRANSVERSE TEST: 10-INCH H SecTIONS 
DOUBLE SPLicE PLATES; LOADS PARALLEL TO WEB OF H SEcTION 
Splice plates failed in tension. Specimen 1 failed in a similar way 





Fic. 11—SPpreciMEN 4 AFTER TRANSVERSE Test: 14-INCH H SeEcTIONS 
DOUBLE SPLICE PLATES; LOADS PARALLEL TO WEB 





Fic. 12—SPectiMEN 4 AFTER TRANSVERSE Test WITH OvuTSIDB SPLIc: 
PLATES REMOVED; 14-INCH H SgcTrions; DouBLe SPLice PLaTes; Loaps 
PARALLEL TO WEB 
Welded plates failed along. lower line of bolts; welds sheared; bolt 
started to shear 











Fic. 13—Spectmen 6 AFTER TRANSVERSE Test WiTH LOWER SPLIC! 
PLATE REMOVED; 12-INCH H Sections; DovBLe SpPLice PLaTes; Loaps 
$ PERPENDICULAR TO WEB 
Welded plates failed in bearing on bolts and sheared lengthwise ; welds 
failed near ends 
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Specimen 5.—Twelve-inch H sections, single splice plates, loads per- 
pendicular to web. The welded plates and the splice plate on the lower 
side of the specimen deformed, as the deflection increased, so that the 
longitudinal axis of the plates approached the webs of the H sections. 
The welds in one of the H sections sheared for a length of 3 in. beginning 
at the inner end of the welded plate. The four bolts nearest the middle 
of the joint in this H section sheared. 


Specimen 6.—Twelve-inch H sections, double splice plates, loads perpen- 
dicular to web. Fig. 13 shows the specimen after test with the bottom 
splice plate removed. Only one H section from specimen 5 could be 
used in this specimen as the lower welded plate of the other sheared. 
The 12-in. H section from specimen 7 was substituted. The welded plates 
on this section were longer and thicker and had two addtional holes. 
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Fieure 14.—Diagram showing forces acting on the beam 


Since the splice plates were symmetrical, these two extra holes were 
not used. The thinner welded plate on the lower side of the specimen 
failed in bearing against the bolts. The holes elongated and the plate 
sheared between the holes. The welds failed for a short distance begin- 
ning at the outer end of the plate. All the lower bolts started to shear. 


Specimen 7.—Twelve-inch and 14-in. H sections, single splice plates, 
loads perpendicular to web, bearing plate between ends of H sections. 
Fig. 6 shows the specimen after failure. The lower splice plate failed 
in tension on the net section through the holes nearest the end of the 
l4-in. H_ section. 


_A brief summary of the way in which the specimens failed is given 
in Table 1, 

V. ANALYSIS OF DATA 
l. Stress 


T e stresses in the specimers were computed using the common or 
Euler-Bernoulli theory of beams. Although the use of this theory for 
thes» specimens is open to a number of objections which will be discussed 
late the data at hand d‘d not warrant the use of a more refined theory. 
Th omputed stresses in the different parts of the specimens are given 
in lable 1. The analysis of stress will be explained for specimen 4 to 
sho. how the computations are made. 
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With equal loads applied at the quarter points of the beam as show; 
in Fig. 7 and 14, the bending moment is constant between the loads 
and equals the product of one-half the total load and one-fourth of the 
length of the span. The maximum bending stresses occur at the section 
through one of the group of holes nearest the middle of the span. (Fiz 
14.) Here the H sections are not effective in carrying tensile stress and 
the area of the splice plates is reduced because of the bolt holes. This 
section will be referred to as the “weakest section” of the beam. 


The maximum bending stress in the splice plates and the H sections at 
the weakest section of the beam is given by the formula 
Mc 


due 


in which 
S is the maximum bending stress in tension or compression 
(Ibs./in.*), 
M is the bending moment at the section (lbs.-in.), 
c is the distance from the neutral axis to the extreme fiber in tensior 
or compression (in.), and 
I is the moment of inertia of the effective cross section (in.*) 


At the weakest section the ‘splice plates act as beams. The upper part 
is in compression and the lower part is in tension with the neutra 





Ps 
ein 


Fieure 15.—Free-body diagram showing forces acting on 
a splice plate 


axis as the line of zero stress. The H section does not here act as! 
beam since there is no way in which it can carry tensile stress. The 
compressive stress varies from a maximum in the outer fibers to zer 
along some axis lower in the H section. The gravity axis of the areas 
assumed to carry stress was taken as the neutral axis. Included in the 
area effective for carrying compressive stress is a small portion of the 
web of the H section lying between the neutral axis and the upper flange. 
Its effect on the position of the neutral axis and the value of the momel' 
of inertia is small. Its effect on stress values is less than 2 per cell 
Because of the shorter and s'mpler computations which resulted, thi 
area has been neglected. 








sion 
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The portions of the specimens which are assumed to carry stress at 
the weakest section are shown by full lines in Fig. 2 to 5. The portions 
above the neutral axis are in compression and those below the neutral 
axis are in tension. The portions indicated by dash lines do not carry 
stress at the weakest section. The area of the bolt holes was deducted 
for all splice plates except the upper plates on specimens 5, 6, and 7. 


After computing the location of the neutral axis (gravity axis), the 
magnitude of the moments of inertia and the maximum tensile and 
compressive stresses, the reactions between the splice plates and the 
bolts must be determined before the stresses in the bolts can be obtained. 
For the specimens having the splice plates vertical, Fig. 15 shows the 
part of the splice plates on one side of a section through the inner group 
of bolt holes and also the forces acting on it. The forces are the stresses 
on the cut sections and the reactions of the bolts on the plates. There 
are no vertical forces, since the shear in the beam is zero between the 
loads. The frictional forces between the splice plates and welded plates 
are indeterminate and have been neglected. 


Let C = the resultant compressive force on the upper portion of the 
plates. It acts at the third point of the distance between the top of the 
plate and the neutral axis. 


In computing C, for specimen 4 at the maximum load, the compressive 
stress at the upper edge of the splice plates from formula 1 is 


4,516,900 « 2.12 ; 
—— 16,420 Ibs./in 


l ,420 . 
The average stress is == = 8,210 lbs./in.* 


| The total area above the neutral axis for the four splice plates is 4 


7/16 K 2.12 = 3.70 sq. in 
C 8,210 « 3.70 = 30,400 lb. 


Let T = the resultant tensile force on the lower portion of the plates. 
The stress on the outer fiber has been found to be 72,700 Ibs./in.’ The 


stress at the axis of the holes is then 72,700 « in 61,100 Ibs./in.’ 


As no stress is transmitted across the portion of the sect!on through the 


1 7 15 
bolt } ] s, os P \ ; . wach tk ool ) \ > 4 
oles, T = > X 72,700 K 9.38 X 4 X 7, — 61,100 X FX 4 


<, = 496,800 Ib. 


The arm of T about the neutral axis, as found by taking moments about 
the neutral axis, is: 


| (@ ,700 . 


o 9.38 X 75 i x4)xd 3x9.38 | 


-| (01, 100x +2 xa 76%4%?- 88) 7.88 | 


a 800 


— 5.92 inches. 





22 JOURNAL OF THE A. W. S. I Si 


The reactions of the bolts, Bz and Bw, may now be found from the 
principles of statics for parallel forces. To find Br, take moments about 
the line of action of Br. 
The arm of T about Br = 5.92 + 0.62 = 6.54 in. 
The arm of C = 1.50 — 0.71 = 0.79 in. 
x=M =0B. X 8.5 — 496,800 «K 6.54 — 30,400 « 0.79 = 0. 
B,, = 385,000 lb. 
LF = 0Bv +30,400 + 385,000 — 496,800 = 0. 
By = 81,400 lb. 
Br, therefore, acts in the same direction as B, and C. 


There are eight bolts in double shear on each side of the joint so the 
area in shear is 16 * 0.60 = 9.60 in.” The average shearing stress in 
the lower bolts is: 

S, = 385,000 — 9.60 = 40,100 Ibs./in.’ 


The area in bearing is 8 « % * 7/16 = 3.06 in” The average bear- 
ing stress in the lower bolts and the welded plates in contact with these 
bolts is: 

S. = 385,000 — 3.06 = 125,800 Ibs./in.’ 


To determine the forces, W, and Wo, acting on the welds, consider 
the welded plates shown in Fig. 16 in equilibrium under the known reac- 
tions of the bolts and the unknown forces acting at the welds. These forces 
are parallel and the values of the unknown forces may be found from 
the conditions that LF = 0 and £M = 0. 


2M =0 Wi X 12.40 — 385,000 « 10.45 — 81,400 « 1.95 = 0. 
Wi. = 337,300 Ib. 

LF = 0 Wu + 337,300 — 385,000 — 81,400 = 0. 
Wv = 129,100 Ib. 


The length of weld on both plates is 2) 12 = 24 in. The average 
shearing stress in the lower welds is: 
Ssw = 337.300 — 24 — 14,100 !bs./lin. in. 


The computations for finding the stresses in the bolts and welds of 
specimens with loads parallel to the web are somewhat laborious. 


An alternate method which involves one additional approximation ma) 


be used. It is shorter, and the results are probably as accurate as the 
data warrant. 


The free-body diagram of a part of one H section together with the 
plates welded to it is shown in Fig. 17. The H section is assumed to be 
cut at a point between the ends of the welded plates and the applied !oad 
so that the bending moment at the cut section is equal to the constant 
moment in the middle half of the beam. The forces acting across the 
cut section are the bending stresses in the beam. These vary from 
zero at the neutral axis to a maximum at the extreme fiber. The  om- 
pressive and the tensile forces may be replaced by their resultanis C 
and T. These constitute a couple whose moment is equal to the bending 
moment in the beam. The other forces acting on the free body are the 
bolt reactions, B, and B , and the reaction between the ends of the two 
H sections, C,. If C, and B,, are replaced by their resultant C,, a second 


couy 
cou} 
the 


posi 
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couple consisting of C, and Bz is obtained. This couple balances the 
couple consisting of C and T and, therefore, its value is also equal to 
the bending moment in the beam. By computing values for different 
positions of C, it has been found that C, may be assumed to act along the 
outside face of the upper flange for specimens similar to the ones included 
in these tests. 


Weld, _"v 
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ee ®@ 
Weld Uy 


Figure 16.—Free-body diagram showing forces acting on 
a welded plate 
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Ficure 17.—Free-body diagram showing forces act- 
ing on a welded plate and a portion of an H section 


C: is the resultant of C; and By. 
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Ficure 18.—Free-body diagram showing forces act- 
ing on a portion of an H section 


C; is the resultant of C; and Wy. 
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The values of B, may now be found by dividing the bending moment 
by the distance of B, from the upper face of the specimen. For specimen 
4, at the maximum load, 


Bi = 4,516,900 — 11.70 = 386,000 Ib. 
S, =386,000 — 9.60 = 40,200 lb./in.’ 
S, = 386,000 — 3.06 = 126,200 lb./in.* 


The forces acting on a part of one H section without welded plates are 
shown in Fig. 18. Replace C, and Wve by their resultant C, acting along 
the outer face of the upper flange. The arm of the couple consisting of 
C, and Wz is 13.65 in. 


Wx, =4,516,900 — 13.65 = 331,000 Ib. 
Ssw = 331,000 — 24 = 13,800 Ib./lin. in. 


The values of the stresses in the bolts and in the welds of specimens 
1 to 4 computed by both methods explained above are given in Table 2. 
The values by the second method agree closely with those computed by 
the first method. In all but three cases the difference is on the side of 
safety and in these cases the difference is less than 4 per cent. 


TaBLE 2.—Comparison of stresses computed by different methods 





Maximum | Maximum | yyasjmum 
shearing Dearing | checcine 

Specimen sttess in stress of 

lower row | lower bolts 
of bolts | and plates 


shearing 
stress in 
lower welds 


Lbs.jin2 .fin. Lbs.jin. 
30, 400 55, 500 5, 420 
, 230 
11, 300 
11,180 
7,170 





7,050 
14, 100 
13, 800 

















In general, the method of computing the value of the stresses in the 
specimens with loads perpendicular to the web are the same as those 
for the specimens with loads parallel to the web. (See specimen 5, Fig. 4.) 


Dividing the total tension in the lower plate by the areas of the bolts 
in shear and in bearing and by the length of the welds in shear gives 
the average stresses to which they are subjected. 


2. Deflection 


Each of the dash lines in Figs. 8 and 9 represents the deflection of 4 
beam of constant cross-section loaded at the quarter points and having 4 
moment of inertia numerically equal to that of the computed value of the 
moment of inertia at the weakest section of the corresponding test beam. 

This deflection is given by the formula 


on 11Pr 
¥ T68E1 
in which y is the deflection at midspan (inches. ) 


stre: 
sect: 
its | 
the 

time 
fi yr : 


chan 
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P is the total load (pounds) 

| is the span of the beam (inches) 

E is the modulus of elasticity (lb./in.’) and 
I is the moment of inertia (in.*). 


VI. DISCUSSION 
1. Method of Analysis 


M 
The formula, S = ae should preferably be used to compute bending 


stresses in a beam only when the beam is long compared with its cross- 
sectional dimensions, the beam is constant in cross-section throughout 
its length, and the bending stresses are below the proportional limit of 
the material. In these specimens the span of the beam was about five 
times the greatest cross-sectional dimension, which is below the values 
for which the common beam theory is applicable. There was a marked 
change in cross-section at the splice, and the beams were loaded to failure. 


The use of the beam formula for ultimate loads was analogous to its 
use in finding the modulus of rupture. Stresses computed from the ulti- 
mate load may be expected to hold closely for other specimens of the 
same size, shape and loading, and approximately for those of similar 
size, shape and loading. They should not be used as a basis for the design 
of widely different types of connections without further test. 


For abrupt changes of cross-section, such as occur in the neighborhood 
of the weakest section, there is no assurance that proportionality of stress 


to strain exists as was assumed in computing the bending stresses from 
their distance from the neutral axis determined according to the assump- 
tions made in the anaylsis. 


As the limit of proportionality of deflection to load was fairly definite 
for these specimens, the stresses corresponding to the “yield-point” loads 
can probably be used for design purposes because these stresses in the 
various parts of the spliced connection correspond to the maximum deflec- 
tion to which the splice should be subjected. The stresses corresponding 
to the maximum loads are also given since these loads caused known 
changes in the specimens and the computed stresses serve as a criterion 
for determining the value of the analysis. 


In developing a method of analysis which can be used in the design 
of details with complex stress distribution, assumptions such as these 
may give results that differ widely from the actual stress conditions in 
the specimen. Nevertheless, the analysis can be used in design if it 
gives values of stress which are consistent; that is, if for any type 
of failure the values of stress computed for specimens that failed are 
higher than those which were computed for specimens wh‘ch did not fail. 
An ultimate value of stress for design of similar connections may then 
be set which is below the values at which failure occurred in the tests. 
In this investigation the stresses at which failure occurred were, with 
one exception, greater than the corresponding stresses at which there 
was no failure. For the exception, the difference in the value of stress is 
less than 5 per cent. Moreover, the computed values at which failure 
‘oor place are equal to or slightly above the ultimate strength of struc- 
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tural steel in tension, shear, and bearing so that these ultimate values 
may be used in designing similar connections. 


2. Stress 
(a) H SECTIONS 


The values of the compressive stresses in the H sections were low due 
to the short distance between the neutral axis and the extreme fibers. 


(b) PLATES 


Specimens 1, 2 and 7 failed by rupture of the splice plates in tension 
at computed stresses of from 68,600 to 83,200 lb./in.” These computed 
stresses exceed the probable ultimate strength of the material in tension. 
A design based on an ultimate tensile strength of structural stee! of 
65,000 lb./in.’ with a proper factor of safety should result in a splice of 
adequate strength in tension. 


In two other instances the plates did not have sufficient strength to 
resist the stress to which they were subjected. The plates in specimen 
5 bowed up as has been explained. In specimen 6 one welded plate 
sheared lengthwise. Based on the net area of a section through the bolt 
holes the shearing stress in this plate was 45,800 lb./in.* It is evident 
that in the design of a connection the strength of the plates should be 
computed to insure that they will not fail as in specimens 5 and 6. 


(c) BOLTS 


The bolts in specimen 3 sheared at a computed stress of 39,800 |b./in. 
In spec'men 4, in which the splice plates failed in bearing, the bolts had 
commenced to shear at a computed stress of 40,100 lb./in.* These values 
are probably somewhat in excess of the ultimate strength of rough bolts 
in shear. For purposes of design this may be taken at 32,000 to 35,000 
Ib./in.” 


Four bolts in specimen 5 sheared at a computed stress of 35,000 |b./in. 
The splice plate and welded plates on the lower side of this specimen 
bowed up. This produced shearing stress in the bolts at right angles 
to the shear considered in the analysis. The value of the resultant shear 
may well have been in the neighborhood of those shown by the other 
specimens that failed in shear. The fact that not all the bolts sheared 
favors this explanation since the bending of the plates with consequent 
transverse shear increased toward the middle of the splice plate. 


Signs of failure in bearing in the splice plates occurred at average 
bearing stresses of 109,000 to 125,800 lb./in.* Designs of similar joints 
on the basis of allowable stresses of 90,000 to 100,000 Ib./in. in.’ in bearing 
for structural steel should give splices of adequate strength. 


In addition to shear and bearing, the bolts are also subjected to bend- 
ing. In computing the bending stress in pins in pin-connected structures 
it is customary to assume that the loads on the pins are concentrated 
loads acting along the center line of the surface of contact. Since the 
thickness of the plates is only a small part of the arm of the forces. this 
method gives results which are sufficiently accurate. If the same m:thod 
were used to compute the bending stress in the bolts in these specimens, 
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relatively large errors would be introduced, since the moment arm of the 
forces would equal the thickness of one plate. 


An exact anaylsis of the problem is not possible nor is it necessary. 
The bolt may be considered as a continuous beam on elastic supports 
under distributed load. The bending stress under such conditions will 
evidently be much less than if the same load is considered as concentrated 
and acting on a simple beam. Moreover, the effect of the nut on the bolt 
will be to reduce the bending, due to the loads applied to the bolt by the 
plates. Because of the uncertainty of any assumptions concerning the 
distribution of the loads on the bolts and on account of the absence of any 
definite indications of failure due to bending, no attempt has been made 
to analyze the bending stress in the bolts. 


(d) WELDS 


Several welded seams of specimen 4 failed at a computed stress of 
14,100 Ib./lin. in. after the maximum load on the specimen had been 
reached. The welds of specimens 5 and 6 failed for a short distance at 
the ends at average computed stresses of 7000 to 11,800 Ib./ lin. in 
respectively. These weld failures were due to local concentration of 
stress at the ends of the welds after the specimens had begun to fail else- 
where. The computed weld stresses are, therefore, not indicative of the 
full strength of the welds. In no case did failure of the specimens begin 
in the welds. Welds designed according to the provisions of the code for 
fusion welding in building construction formulated by the American 
Welding Society should be adequate in strength. 


3. Deflection 


Figs. 8 and 9 show that the load-deflection curves begin to deviate 
from a straight line at low values of load. ‘This would indicate that 
portions of the connections were subjected to relatively high stresses at 
low loads with consequent redistribution of stress in the connections. 


For specimens with loads parallel to the web there is a fairly close 
agreement between the observed values of deflection and the computed 
deflection of a beam similarly loaded and having a moment of inertia 
throughout its full length equal to that computed for the weakest section 
of the splice of the actual beam. The ratio of this moment of inertia 
to that of the H section varied from 0.13 to 0.30. There is no assurance, 
however, that this agreement would hold for other lengths of span and 
methods of loading or for other ratios of moments of inertia. For speci- 
mens with loads perpendicular to the web, the actual deflection of the 
specimens was from 50 to 100 per cent greater than that of beams with a 
constant moment of inertia equal to that of the splice. The ratio of 
the moment of inertia at the weakest section of the splice to that of the 

tion varied from 0.56 for the 14-in. H section of specimen 7 to 1.03 
ecimen 6. 


nbined Loading 


in actual structure the column connections are not only subjected 
nding stresses, but are also called upon to assist in transferring 
t loads from one column to another. The relative magnitude of the 
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stresses due to direct load and bending will depend among other things 
on the size and shape of the building and the position of the column in 
it. In these connections, considered as simple beams, the maximum com- 
pressive stresses are small. Considering the column under the action of 
both types of loading, the compressive stress becomes of major impor- 
tance and the column may be expected to fail in compression before the 
ultimate strength of the connection in bending is reached. 


The splice will also be subjected to forces which cause bending and 
shearing of the splice. Transverse shearing of the splice is resisted by 
the frictional force developed between the ends of the columns and by 
the shearing stress developed in the splice plates. When the direction 
of the forces causing shear is perpendicular to the plane of the splice 
plates, local bending in the plates and tension in the bolts may also be 
produced. These stresses thus developed should be considered in con- 
nection with those caused by bending of the splice. 


VII. CONCLUSIONS 


The conclusions formed from tests of steel columns consisting of H 
sections 3 ft. long and 10, 12 and 14 in. wide, connected with splice plates 
bolted to plates welded between the flanges of the H sections, and tested 
as simple beams with equal loads at the quarter points of a 66-in. 
span are: 


1. The analysis of stress in these specimens using the simple beam 
theory gives maximum stress values in the connections which are con- 
sistent with the ultimate strength of structural steel. 


2. Similar column splices having adequate factors of safety may be 
designed by these methods on the basis of the values of stresses prescribed 
by standard building codes for structural steel. 


WASHINGTON, Sept. 13, 1929. 


Welding of Super Code Pressure Vessels 


By L. H. BURKHARTt 


HE limitations that the unfired pressure Vessel Code impose on 

welded vessels has led several companies, of whom ours is one, t 
work out a welding procedure that is safe and sound and which when 
applied to the construction of welded vessels of any size and for any 
pressure, is being recognized and accepted by the insurance companies 
and by the Code Committees of some states. 


Vessels made by these procedures I have termed “Super Code Pressure 
Vessels” which means that they may be larger than 60 in. diameter 
for more than 200 lb. pressure and employ a higher unit stress than 
8000 Ib per sq. in. of weld section. 


The procedures that have been worked up by the companies w! 
doing this welding are more or less secret and are generally des 


+Chief engineer, Struthers-Wells-Titusville Corporation, Warren, Pa. 
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by some trade name such as “Mono-Welding” which describes the process 
we use. It consists of the use of a specially coated rod of a small gage, 
multibead manual control welding, with a current value under 200 
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amperes. On account of the low welding current very little heat is 
generated, therefore, annealing is not necessary. The joint is the usual 
double V type. No peaning is used, however, there is no objection to 
its use. No other special preparation is used. 


Understanding as I do the great interest attached to actual tests and 
results of any welding procedure, I submit the following test reports 
which are only a few of the many that have been made all with consistent 
and equal results. 


Fig. 1 shows samples 34 in., 1 in. and 1% in. thick. One specimen 
of each thickness has the welds left as made and one specimen of each 
thickness has the welds ground off flush with the plate. All specimens 
broke well out of the weld. 


The results of the pull tests are given in Table No. 1. 


Since no specimen broke in or near the weld, the test shows the weld 
to be stronger than the plate. To determine the ductility of such welds 
specimens were prepared in each thickness of plate viz. *4 in., 1 in. and 
1%, in. The specimens were cut 2 in. wide, all welds were ground off 
flush both sides. The ends of the specimens kinked so a free bend could 
be made with the weld at its center. Circles \% in. and 34 in. diameter 


were scratched on the weld surface and defined with sharp center prick 
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marks. Upon bending these circles were elongated into ellipses and repre- 
sent the elongation of the extreme fibre of the weld. 


Bending was done in a hydraulic press and was stopped at the first 
appearance of a crack. 














Fic. 2 


‘ig. 2 shows the bent specimens and table 2 shows the elongation or 
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ity of the weld metal in the bends. 


‘one of the tests made so far have determined the strength of the 


netal. In order to evaluate this quantity we made up specimens of 
id or deposited metal. 


ind bars % in. in diameter were machined from these specimens 


illed and table 3 shows the results of the test of the all weld speci- 

In this test we find the explanation of why no specimen broke 
weld. The tensile strength of the weld metal is about 50 per cent 
r than the tensile strength of the plate used: The elongation about 
cent and reduction of area about 30 per cent. 


results obtained as indicated by the foregoing tests fully warrant 
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TABLE 2 


Bend Tests 


Coupon Coupon Per Cent 
Thickness Bent Elongation 
of Plate 1 In Out In Out Remarks 


% ; 53 — 16% — .75” centers not taken 


60 — 20% — since welds were not 
60 — 20% — that wide. 


58 87 16% 16% Both in and out diam- 
.60 .89 20% 19% eter taken. 
60 88 20% 17% 


.60 .89 20% 18% Both in and out diam- 
.60 .86 20% 15% eter taken. 
59 .88 18% 17% 


TABLE 3 


Tensile Reduction 
Test Elastic Limit, Strength, Elongation, of Area, 
Serial Lb. per Sq. In. Lb. per Sq. In. Per Cent Per Cent Fracture 
1 54,450 70,550 22.0 33.3 Irregular 
2 53,691 71,740 19.0 29.4 Shear 





the use of a 100 per cent joint and a unit stress of one-fifth the ultimate 
strength of the plate used. 


Fig. 3 shows a reaction chamber 10 ft. in diameter that has been welded 
with the Mono-Welding procedure. 


by th 
of th 
cusse 
Elect 
wn 

erta 
mani 
and 


Al 
whic 
ussi 
tural 
if th 
Same 
took 
chen 


1 
i 


posit 
some 
the { 








Influence of Flux Coated or Covered on the Metal 
Arc Electrode 


M. HARAMIISHIt 


T is a common and wellknown fact that either bare wire or wire 
| coated with flux can be used as an electrode for metallic arc welding, 
and that each possesses its own merits giving due regard to their respec- 
tive characteristics. 


The theories of metallic arc welding, the transference of molten metal 
by the are, the surface effects of bare electrodes and the characteristics 
of the combined core wire and the flux, have already been studied and dis- 
cussed by many authorities, and investigations are still progressing. 
Electrode manufacturers naturally claim several advantages for their 
own electrodes; and welders, who have got accustomed to the use of a 
certain electrode and understand its characteristics and method of 
manipulation, are prone to believe that the one they employ is the best, 
and to advertise its merits. 


Although it may be commonly known to all of you, there is one point 
which it seems to me has been neglected and not received adequate dis- 
cussion. The point I have in mind is this: that not only a physical struc- 
tural change in the metal is taking place in the electrode by the heat 
of the are, but a chemical change is also in process at the tip end at the 
same time. Having observed these phases for many many years, I under- 
took their investigation and a study of the method of utilizing this 
chemical action. After adequate study it was found that: 


(1) Any desired alloy metal can be obtained chemically in the de- 
posited metal with the flux coated electrode, for while the wire core has 
some elements which are the main component of the desired alloy metal, 
the flux has the other requisite elements. 


_ (2) By the utilization of the heat given off by the arc, the character- 
ist.c of the deposited metal can be chemically changed from that of the 
Wire core with the prepared fiux. 


9 


}) Not only does a chemical change take place ordinarily during the 
process of transferring the particles of molten metal of the electrode, and 
also while the deposited metal is molten, but a chemical change occurs 


in the electrode as well as in the flux immediately the heat of the arc 
is applied. 


Flux, properly prepared, works as a medium in supplying the 
sary elements for the desired alloy, and furthermore, also functions 
ljusting the heat temperature of the molten metal suitably and 
cts it against undesirable impurities. 


addition to the foregoing, many important and valuable facts, which 
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are already known, have been traced and checked, and also further 
was obtained on the advantages accruing. However, putting those aside 
here, let me proceed to describe the four items I have tabulated abo » in 
order to permit of a better understanding of the micro-photos which 
show the facts which were brought to light in the order of my investiga- 
tions. I should consider it a great privilege if investigators in the United 
States would be good enough to give me any suggestions and comments 
on the points I refer to. 
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Cast Iron 


My first attempt was directed to changing the characteristics of the 
deposited metal to those of grey cast iron, by the use of an electrode 
whose wire core was of commercial wrought-iron—not any kind of cast- 
iron bar—and with some flux covered on it. This was hard work, but 
good results were obtained incidentally in June of the year 1923, after 
many vexatious trials. 


In the Fig. 1, No. 1, is a photo showing the longitudinal section of the 
electrode core at the tip end used, in which it will be observed distinctly 
that a small portion at the tip end has been tinted black and the other 
portion not. No, 2 is a micro-photo showing a cross section of the same 
at the part not tinted and where the arc heat did not have so much 
effect chemically. No. 3 is a panoramic micro-photo of No. 1, enlarged 
100 times of the original, showing a full length of the small blank portion 
where the chemical change in the metal core had taken place with the 
flux, and illustrates the structural phase of white cast iron, and the 
remaining white portion is similar to micro-photo No. 2 but in longi- 
tudinal section. Having stepped up to this stage, those points to be 
solved and remedied have been duly observed, namely: “<~ 

(1) The base metal can be well-melted with the electrode, but fusion to- 
gether at the junction zone is very hard; there was a tendency for the slag 
to go to the junction zone and be inserted between the base metal and the 
depor‘ted metal, and consequently they solidified themselves and became hard. 

(2) In the microscopic examinations, the deposited metals were mostly 
seen in the phase with numerous small graphite flakes, and occasionally in 
the same phase as shown in No. 3, all faintly etched. 

Accordingly, labors were next exerted to ascertaining the method of 
welding manipulation which would give the base metal a good heat con- 
duction and prevent the slag from going to the junction zone; some 
devices in the flux to keep the deposited metal in the molten condition 
for a time without injuring or burning it by the arc heat until the 
graphite would have separated itself, also the most suitable heat tem- 
perature for preheating the base metal without using a pyrometer as the 
latter is not practical in the shop. Also attention was directed to post- 
heating and slow-cooling of the same. 


Having worked out these problems, success was finally obtained and a 
soft-deposited metal, whose structural phase is that of grey cast iron, 
was obtained, as.shown in micro-photo No. 4, magnified 100 times. No. 5 
shows a panoramic micro-photo (X-100 originally) at the junction zone 
of the base metal at the bottom side and the deposited metal at top side, 
for which no explanation will be necessary. 


It should be added here in order to call attention to the fact, that slow 
cooling is of vital importance in order to get a soft metal suchas cast 
iron, while rapid cooling is earnestly desirable to obtain a soft mé@tal in 
cases such as high manganese steel, which will be explained later on. 
High Speed Steel 


The next effort was exerted to getting a high speed steel, containing 
ten, chromium and vanadium in the deposited metal, using an elec- 
the core bar of which was of commercial wrought iron, similar to 
ise of Cast Iron referred to above, and covered with flux in which 
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tungsten, chromium, vanadium and some other material necessary to 
make such alloy steel, were mixed together. There was no intention at 
that time to make any special high speed steel. Preparation of the flux 
was carried out merely on the basis of obtaining similar results in the 
deposited metal to those given in “Analyses of High Speed Steel made in 
1913 or 1914,” described in “The Manufacture and Uses of Alloy Steels” 
by Henry D. Hibbard. 


It was very difficult and trying work to arrive at even a hopeful result 
so that the heat treatments, the hardness tests, the cutting tests, the 
analyzing, the smith forging tests, etc. had to be carried out many times. 
Having obtained a result which seemed hopeful, the work was earnestly 
pushed on till the spring of 1925, and some improvements were carried 
out also in the meantime. 


In order to show you graphically the phases of one of the results, some 
of the photographs and micro-photos have been produced here in Fig. 2. 
No. 1 in Fig. 2 is a photograph of the longitudinal section of the tip end 
of the electrode which was employed, and it may be observed that a 
small portion at the tip end is tinted black. This black portion is where 
the chemical change in the core bar had taken place with the coated 
flux. No. 2 is a micro-photograph X-100 showing the cross section of the 
electrode core bar used, at the part where the arc heat did not have much 
effect chemically upon it. No. 3 is a panoramic micro-photo (X-300 the 
original), showing a full length of the small black portion portrayed in 
No. 1, by which will be seen the structural phase of the high speed steel 
naturally cooled by the air, at the bottom-side, and the phase of the 
portion of the wrought iron where there had not then taken place a 
chemical change, at the top side. No. 4 shows micro-photos X-500 of the 
deposited metals, in the cast condition—(1) cooled in the air naturally 
and (2) cooled rapidly in the air. Trained welders can quite easily man- 
age this electrode, as they understand the characteristics of it. How- 
ever, it seems that the molten metal deposited is rather still hotter in 
itself and that it has the tendency to swell, which might cause some pin- 
holes in the deposited metal. To avoid this defect, some modifications in 
the flux might be required in order to adjust the temperature of the 
molten portion of the electrode end, as well as the temperature of the 
molten metal in the deposited metal to some suitable degree. At first, 
in our cutting experiments, it was deposited as the cutting part of the 
bit on a shank which had been taken from scrap boiler plate, and ground 
off to the required shape without any reheating. . The cutting results 
were very good. As a next step, the deposited bits were ground off as 
before and oil quenched to tempér at several different degrees Centigrade 
~400 deg. C. was the most suitable in the trials—and its cutting results 
were the best. In the last experiment, the deposited bits had been 
smith forged and ground off to the shape, heat-treated in the usual 
manner for high speed steel, and then oil quenched to temper as before. 
Its cutting results were also good but the outlay more expensive. 


High Manganese Steel 
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ganese steel in the deposited metal with a coated electrode whose core 
bar is of commercial wrought iron and coated with a flux which has been 
prepared with suitable material containing certain quantities of man- 
ganese, carbon and other necessary elements. 


Having had some experience during the trials of cast iron and high 
speed steel, suitable fluxes for high manganese steel were prepared with- 
out an expenditure of much trouble. There were, however, some points 
regarding which care had to be exercised in the welding procedure, by 
reason of the difference in the characteristics of the alloy steels. The 
micro-photos in Fig. 3 shows these facts thus. No. 1 is a micro-photo 
X-100 of one of the deposited metals which is very hard, No. 2 a micro- 
photo X-100 of one of the same but showing the other structural phase 
which would come out in the high manganese steels when they had been 
cast in the foundry mould, and No. 3 a similar micro-photo of the phase 
of the machinable one. 


No. 4 in Fig. 3 is a photo of the longitudinal section of the electrode 
used, and showing the dark colored portion at the tip end where the 
chemical change had taken place and the molten portion solidified there. 
No. 5 is a panoramic micro-photo (X-100) showing the No. 4. 


3y these illustrations, it may be understood that if the electrode had 
been treated by the usual welding method employed in ordinary low 
carbon steel welding, the deposited metal might have hardened naturally 
as shown in the case of No. 1 and No. 2, and the filing would have been 
practically impossible, because the cooling is still rather slow even then, 
and heat treatment would be required to make it machinable or some- 
times to make it more hard. After several trials, it was found that in 
order to get the machinable metal the deposited metal should be rapidly 
cooled by cold air or water, when the molten deposited metal begins to 
solidify, and otherwise to be slow cooled. 


In spite of that, when common steel metals have been deposited and 
cooled in the air, it is a common fact that their hardness increases and 
becomes brittle, but with high manganese steel this is not so, as just 
explained above; and thus it can be assumed as one of the very special 
cases in are welding procedure to treat the deposited metal while hot. 


Hypo-Eutectie Steels 


Another investigation was carried out on the influence of the flux on 
hypo-eutectie steels. The object aimed at was to ascertain whether any 
ommon steel wire which contains known quantities of carbon, man- 
Zanese, silicon, etc. could be responsible for changing the carbon and 


other contents of the deposited metal by the influence of the flux which 
is coated on. 

It 
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s a well known fact that any steel electrode when used loses some 
ty of the elements contained in it, and that the characteristics of 
posited metal become quite different from the original. Moreover, 
recognized that steel containing more carbon melts quicker, and 
ore, generally speaking, in metallic arc welding, high carbon steel 


Wire as a bare electrode is not suitable for vertical welding or overhead 
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welding, and it is just possible to manage on flat welding to obtain 
fusion with the base metal. 


Knowing these facts, several fluxes were prepared and tried in order 
to learn whether it is possible to keep easily a suitable temperature in 
the molten metal, and to make up or reject the required elements which 
have been lost or remained in excess during the welding operation in 
order to get a desired steel in the deposited metal. 


Among the results, micro-photos of three kinds of steel, namely—|low, 
medium and high carbon—are produced here before vou. The origin 
of all these wires was the United States. 


Fig. 4 is one set of the micro-photos X-100 of low carbon steel. No. 
1 in the set shows a cross section of the original wire annealed at 900 deg 
C., No. 2, the junction zone of the deposited metal and the base metal, 
No 3 the same junction zone shown on No. 2 but annealed at 900 deg. C., 
and No. 4, the longitudinal section of the electrode tip end displaying 
where the chemical change-had taken place with a properly prepared 
flux which was coated on the wire. 


Fig. 5 is one set of the micro-photos X-100 of medium carbon steel 
No. 1 in the sets illustrates the cross section of the original wire annealed 
at 900 deg. C., No. 2 the junction zone of the deposited metal and the 
base metal, No. 3 the same junction zone shown on No. 2 but annealed 
at 900 deg. C., and No. 4 the longitudinal section of the electrode tip 
end depicting the chemical change which had taken place with a properly 
prepared flux which was coated on the wire. 


Fig. 6 is a set of micro-photos X-100 of high carbon steel. No. | in 
this set is the cross section of the original wire annealed at 990 deg. C., 
No. 2 the junction zone of the deposited metal and the base metal, No. 3 
the same junction zone as shown on No. 2 but annealed at 900 deg. C., 
and No. 4 the longitudinal section of the electrode tip illustrating wher 
the chemical change had taken place with the suitably prepared flux 
which was coated on the wire. 


In these micro-photos, it may be observed that No. 1 in Fig. 4, No. 1 in 
Fig. 5 and No. 1 in Fig. 6 each illustrate the different phases of the steel, 
while the micro-photos No. 3 in Fig. 4, No. 3 in Fig. 5 and N 
in Fig. 6 show practically equal quantities of the pearlite in the phase of 
each deposited metal. This is due to the effects of the fluxes which hi: 
been suitably prepared with different quantities of the elements, ac 
ing to the different qualities of the steels, to obtain the equal re 
desired, and also with which the heat temperatures had to be adj 
suitably to weld in any position. 


Gun-Metal (Copper, Tin and Nickel) f 


An attempt was next directed to observe what chemical change 
the designed flux would take place at the tip end of the electrode by 
heat caused by the arc, and also the effects on the deposited metal : 
it has been transferred on to the base metal. One of the object 
view was to make a gun-metal sleeve directly on a steel or iron s 
so that the time and expense involved in the casting machining 
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shrinking-on jobs as at the present time is the common practice, can }x 
altogether dispensed with. 





Figure 7. 
he 
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As the coated electrode, copper wire (telegraph wire in quality) was 
employed for the core bar, and flux containing suitable quantities of tin, 
nickel and other necessary substances, was coated over it. 


More than 200 fluxes were prepared, each with a different proportion 
of the quantities of the material. The depositing trials were carried 
out with all of them, to find out the most suitable electric currents and 
the best welding procedure for the electrodes, and furthermore to ascer- 
tain what suitable preparations are necessary for the base metals. 


Among these trials, one of the good results obtained is shown here 
in Fig. 7. No.-1 is a photo of the longitudinal section of the electrode 
including the tip end, where the small colored portion may be observed. 
No. 2 is a panoramic micro-photo X-100 the ordinary size showing in 
part its colored portion where the chemical change with the flux occurred 
due to the heat caused by the arc, and in part the portion where the 
heat did not have much effect so as to cause a visible change. No. 3 is a 
micro-photo X-100 of the deposited metal transferred from the electrode 
used. No. 4 is a photo of the vertical cut part and the cross section of 
the steel base metal and the deposited metal. No. 5 is a micro-photo 
X-100 illustrating the junction zone of the same. 


In the welding trials, the following items should be specially noted, viz: 


(a) That more electric current is wanted as compared with the case of 
big iron core bar of the same diameter, when the size of the base metal 
is the same. 


(b) That the base metal should be preheated in most cases, because when 
the electrode itself has been rapidly melted ard deposited, the heat is rapidly 
conducted and absorbed to the base metal, so that a suitable heat should be 
maintained at the place where the fusion ought to take place, because the 
temperature there is not sufficient. 


(c) That the molten metal should not be too hot as it is liable to swell 
out while the welding operation (in which’care must be taken to let the molten 
slag float up naturally to the surface of the molten metal) is going on, and 
blow holes will result. 


Even though the physical change due to the arc heat at the electrode 
tip end and in the deposited metal, when a bare.electrode of any sort is 
used—namely, ferrous or non-ferrous alloyed—may easily be observed, 
yet it is rather hard to perceive the chemical change at the tip end, be- 
cause the portion of the electrode where the chemical change is taking 
place is so very limited, as indicated on the several photographs pro- 
duced above. Moreover, from the photographs and micro-photos, it will 
also be understood that the heat in the electrode effected by the arc is 
occasioning a change of characteristics in the electrode chemically, with 
the elements in the air, gas or flux—as the case may be—surrounding it 
oefore when not only the particles of molten metal of the electrode were 
being transferred but also deposited onto the base metal. 


It is common knowledge that heat temperatures in the electrode and 
In the deposited metal differ respectively according to the kind of elec- 
trode employed, so that with some electrodes it can be easily managed 
by the welder, but with others it can not. This trouble may often occur 
especially with bare electrodes because there is no means provided to 
remedy it except the welder’s skill. The flux coated or covered over the 
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electrode may help the welder considerably in making a good welding 
job with the proper heat, provided he is very proficient, as the flux can 
be prepared in such a way as to adjust the heat conduction to a certain 
extent. This important evidence has been noticed when the electrodes 
for cast iron have been studied. Since then, during the investigations 
and the working out of the electrodes for any steels and non-ferrous 
metals, on which so far I have been engaged, this evidence has always 
been kept in my mind, and successful results have been arrived at 
Bearing this fact before me, I have alluded in the chapter on Cast Iron 
that “some devices to keep the deposited metal in a molten condition 
for a time without injuring or burning it by the arc heat until the 
graphite would have separated itself, is an important and necessary 
matter.” If I could not have secured this important evidence, | fee! 
that my studies on electrodes would have ended in failure. 


Copper Welding in the Chemical Industry * 
By S. J. MASHLt 


EFORE discussing the possibilities of copper welding, let us first 

mention a few things about copper, its physical properties, its action 
under the acetylene flame. By noting the action of the metal under differ- 
ent conditions, we are able to foretell with some measure of accuracy 
the results that will be obtained when the welding of this metal is 
actually started. 


There are several grades of copper, the purest of which is electrotype 
copper and is not suitable for welding. The next grade is known as best 
selected copper, and is used in making bronzes and alloys; the third grade 


is called tough pitch copper. This is the copper that is most generally 
used. 


Copper has very high heat conductivity and for this reason a larger 
tip must be used than for steel. It also has a higher coefficient of expan- 
sion than steel so we can see that the usual methods of taking care of 
expansion and contraction must be somewhat different than for steel. 
Copper is a very soft ductile metal and can be cold worked a good deal, 
but it has the property of becoming hard and brittle when cold worked. 
It is very easily annealed by heating to about 700 deg. F. and cooling 
in air or water as conditions permit. 


The tensile strength of cast copper is from 19,000 to 26,000 lb. per 
sq. in. For pure wrought copper, it is about 36,000, and for wire it 
ranges from 38,000 to 60,000. Copper loses its strength rapidly with an 
increase in temperature and at 700 deg. F. the tensile strength is about 


one-half of what it is at room temperature. The melting point is 2000 
deg. F. 


*Paper presented at March 6, 1930, meeting of A.W.S. Chicago Section. 
Van Schaack Bros. Chemical Works, Chicago. 
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As copper melts, it has a great affinity for oxygen and this forms 
layers of copper oxide within the metal itself. This is very detrimental, 
so some means of preventing this oxidation must be used. There are 
various substances used as deoxidizing agents, the most important being 
phosphorus, boron-suboxide, aluminum, and silicon. 


The rod we use is of great importance. It must contain some sub- 
stance that will dissolve the oxide and bring it to the surface of the 
weld or else prevent the formation of the oxide. The rod should have 
the same melting point as the article to be welded. It should be of 
uniform composition and the finished weld if properly executed will be 
strong, tight and ductile. 


‘1G. 1—5,000-GAaL. ALL-WELDED STILL, Mapge 
F 8-GAGE COPPER WiItH Two LONGITUDINAL 
SEAMS WELDED INSIDE AND OUT 


Fic, 2—WELDED SEAM IN 490-GAL RECEIVER 


When beginning the weld, it is very necessary to have the copper at 
the melting point before applying the rod. If the rod is added before 
this temperature has been reached, the rod will only adhere to the surface 
and we will not have a good weld. This is the trouble with many weld- 
ers, as the finished weld looks good but lacks strength. Some welders 
burn the metal by keeping the torch too close to the work and by keep- 
ing the same spot molten too long. The best results are obtained when 
the rod is applied at the same time that the parent metal becomes molten. 
The two metals then unite to form a perfect weld. In remelting the 
weld it is very important to always add filler rod to prevent excessive 
oxidation of the copper. 


\nnealing the weld after it has cooled has a very beneficial effect on 
‘tructure of the weld and increases the strength of the weld. 


ling Procedure in the Plant 


all cases, we try to make plain butt welds, as these are so much 


eas cr to make and are as near to being the perfect joint as it is possible 
to make. 


en welding tubing, we always butt the tubes together and tack them 
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in three or more places and then proceed with the welding. The method 
used is about the same as for steel with a few exceptions, which are as 
follows: The part to be welded must first be heated for a few inches 
to heat up the metal next to the weld, the reason for this being that 
were this precaution not followed, the first portion of the weld would 
crack due to too rapid cooling of the adjacent metal. This can be 
readily understood when we stop and consider the heat conductivity of 
copper. After heating the parts to be welded, the actual welding is 
started and is carried on as rapidly as is consistent with good work. The 
metal is brought up to the point of fusion and at the same time that 
the metal begins to melt, the rod is inserted into the weld and then 
carried forward with the weld, with as little puddling as possible. It 
is easy to obtain a strong weld, but it takes close observation while 


Fig. 3——-RECEIVING TANK Or 12-GaGe COM MERCIAL 
COPPER, WITH LONGITUDINAL SEAM BuTT WELDED 


welding in this manner if one is to have a weld and not merely add the 
rod without fusing it properly to the parts being welded. In weld ng 
heavy copper sheets it is not possible to weld in this manner. Then one 
must move the rod as in the welding of steel, always making sure that 
the part being welded is in a state where it is just about molten and 
then and not before is the rod to be added to the weld. The metal should 
never be kept in the molten state without adding filler rod to the puddle. 


This prevents excessive oxidation of the metal and consequently a poor 
weld. 


In welding long seams we have found it best to start at one end and 
weld in one direction only. We have tried several methods of controlling 
the expansion in seams from four to eight feet long and have had good 
results with the following two: In the first one we had to weld up a 
seam in eight gage sheet. The seam was 8 ft. 4 in. long. On this we 
tried bolting two steel angles on either side of the sheet and about 4 in. 
from the edge to be welded. This was done on both sheets so that it 
was possible for us to hold the sheets in any position by means of 
clamps or wedges. The angles prevented the sheet from warping and 
also acted as chill plates. This method was good but took more time 
than the following which we now use in preference to any other: To 
weld a long seam we place the two edges to be welded together on 4 
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straight beam. We use a 4 in. H-beam. Then the edges are hammered 
down until they lie flat on the beam. We then tack the sheets at one 
end and put a clamp on the other end to hold the sheets a short distance 
apart. The welding is then started and as it proceeds the clamp is 
loosened from time to time to allow the sheets to draw together. Some- 
times it is necessary to speed up the rate at which the welding is 
carried on, in order to prevent the sheets overlapping each other. At 
other times it is necessary to slow it down in order to prevent the space 
between the sheets from becoming too wide. When the sheet warps, it 
is an easy matter to hammer the edges down without interfering too 
much with the welder. We have approximately eighty seams ranging 
from 5 ft. long to 10 ft. long in copper sheets that range in thickness 
from 16 to 8 gage, and up to date we have not experienced any trouble 
with them. The few leaks that did develop were always small pin holes 
and no trouble was experienced in repairing them. 


Fic. 4—24 x 8-IN. TANKS OF 16-GAGE COPPER 
TESTED TO 100 LB. PRESSURE AND USED IN EX- 
PERIMENTAL LABORATORY 


Fig. 5—CLOSE-UP VIEW oF OxyY-ACETYLENE 
WELDED SEAM IN 12-GAGE CopPER TANK 


In welding tanks, we have found it best to use the butt weld wherever 
possible, as it is the strongest and easiest to make. The longitudinal 
seams are first welded and then the heads are welded to the shells. 
When it is necessary to make the head of two or more pieces, these 
pieces are first welded together and then the head is flanged over from 
*, to 1% in. depending upon the size of tank and the gage copper 
used in it. Flanging the head makes it easy to tack to the shell and 
this type of construction does away with the welds cracking, as it is 
very poor practice to make a corner weld in any vessel that is subjected 
to any pressures or loads such as might be created by the weight of 
the tank itself or the expansion and contraction of pipe that is con- 
nected to the tank. 


The illustrations show various articles that have been fabricated in 
the plant shop. Several of these are of tanks of various sizes and which 
are used for different purposes. The one shown in Fig. 1 is a still used 
in ‘he manufacture of ethyl acetate. It is made of 8 gage copper and 
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the longitudinal seams are welded on both sides. The heads are flanged 
and sweated to the shell, as is the middle girth seam. 


In this still there are two longitudinal seams, the whole body being 
made of four sheets of copper. It is about 14 ft. long and has a ¢a- 
pacity of 5000 gal. The working pressure is very low, not exceeding 
5 Ib. per sq. in. When the still was completed, it was tested hydro- 
statically to about 25 lb. per sq. in. There were very few leaks and 
these were repaired by peening and soldering and to date there are no 
indications of any leaks. 


The tank in Fig. 2 is used as a receiver on a still. It has a capacity 
of 409 gal. and the seams are copper welded. The heads are flanged 
and sweated on, the reason for this being that the shell of the tank 
corrodes much faster than the bottom and we use the same bottom when 


Fic. 6—Acip-MeETAL FLANGE WELDED TO 3-IN. 
ExTRA-HEAVY COPPER Pipe (I. P. S.) WitH Cop- 
PER Rop 


rebuilding the tank by putting on a new shell. There is no pressure on 
these tanks except the pressure created by the contents. Previous to 
copper welding these tanks, brazing was used with a hammered lap weld 
and it always failed in the brazing, the contents of the tank being of 
such a nature as to eat away the zinc and leave a very porous joint 
which gave a good deal of trouble. We have practically no trouble with 
the copper welded seams. They last as long as the shell of the tank 
itself. 


Fig. 6 is a part of a heating coil used in the smaller stills. It has 
an acid metal flange welded to extra heavy copper pipe with copper 
rod and the results are very good, as the coils stay tight unti! the 
pipe is so thin as to render it unfit for further use. 


Before using copper on this joint the flanges were brazed on but 
had to be rebrazed about every eight or nine months so the saving 
there is really worth while. 


Figs. 6, 7 and 8 show some copper welded fittings that are used in 
different parts of the plant, the sizes ranging from 1 in. to 5 in. ©. D. 
The working pressures run from zero to 150 lb. steam pressure. T 
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only leaks are caused by small pin holes once in a while. The welds 
have never ruptured, which goes to show that they are amply strong 
for the service imposed on them. 


Fig. 9 is one of the standard condensers. This condenser has heads 
of copper plate % in. thick and the tubes are of 16 gage seamless 


Fic. 7—HEAT INTERCHANGER WITH 
END COPPER WELDED 


Fic. 8—TuHis Test 18 MADE OF 16-GaAGE COPPER 
TuBING, 2 IN. OvuTsIpp DIAMETER, WELDED TO 
Copper Pipe (I. P. 8.) 


tubing % in. outside diameter and 8 ft. long. There are 199 tubes in 
the head on %4 in. centers; these tubes are brazed into the heads. 


is presents a problem in brazing, as the difference in thickness 
ne heads and the tubes is so great that it is almost impossible to 
the head to a red heat without burning the tubes off. The spac- 
f the tubes also renders it, difficult to get the spelter down on the 


of 
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head without burning the tubes. We solved the problem by using a 
charcoal preheating fire and allowing sufficient time for the tubes and 
head to come up to a good heat and we did not get the condenser red 
hot with the preheating fire. To make the fire hot enough we had to 
use an air coil with a number of holes in it and forced air through 
this pipe, which was placed under the fire. This arrangement gave 
us as much heat as was required and gave good control of the heat 
also. Forty pounds of charcoal were used in heating the large head and 
about 30 Ib. were used in heating the small head. 


The welding procedure was as follows: The head and tubes were 
assembled and the condenser was placed in an upright position. Then 


Fie. 9—END VIEW OF CONDENSER 
Mape Up or 199 8-Fr. % IN. OvuT- 
sipe DIAMETER, 16-GAGE COPPER 
TUBES BRAZED INTO A %-IN. THICK 
COLD-ROLLED COPPER HEAD. VESSEL 
TESTED TO 100-LB. PRESSURE 


the preheating fire was started and it required about 1% hr. to bring 
the head to the right heat. The next step was to sprinkle some flux 
over the parts to be brazed. Then we started the actual brazing, 
using two torhes with a number 12 tip on one and a number 15 tip on 
the other torch; the former torch was used for the melting of the rod and 
the other was used for preheating the work. This method enabled us 
to keep the parts to be brazed at a red heat directly in front of the 
torch doing the brazing. It was necessary to keep the torches mov- 
ing at all times so as not to burn the tubes. The torches were also 
held about an inch away from the work. This also kept the tubes 
from burning. 


In order to keep the brass from running off the work, we undercut 
the head and this also made it easier to heat. By doing this we had 
a quarter-inch to fill up with brass which was more than enough for 
the purpose. When care is used in handling the torches no difficulty 
is encountered in making a tight job. When finished, the condensers 
are tested with air at 75 to 80 lb. pressure. There are 14 of these 
densers now in actual use and no trouble has developed as yet, alth 
some have been in service nearly two years. 
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When these condensers were first made, the heads were tinned and 
the tubes were also tinned into the heads, but the results were very 
unsatisfactory and the condensers had to be changed about every three 
weeks, to say nothing of the material that was spoiled and which 
had to be redistilled. Taking everything into consideration, tinning 
was an expensive proposition. Up to date, we have not found it 
necessary to change one of the brazed condensers, which is good proof 
of the success of the brazed head. 


The actual time required to braze one head is about 20 minutes for 
two welders and one helper. Tinning took one man about three hours, 
not including the time required to tin the tubes and the head before 
assembly, but this work was offset by the machining done on the heads 
when preparing them for brazing. The labor cost for both types of 
construction is about the same, but the results are vastly different 
and in favor of the brazed construction. Tin did not have strength 
enough to hold the tubes when subjected to the expansion and con- 
traction strains set up while the condenser was in operation. 


Revisions and Addenda to the Boiler 
Construction Code* 


‘HE Boiler Code Commission has received and acted upon a number 

of suggested revisions which have been approved for publication as 
addenda to the Code. Those related to welding are published below, 
with the corresponding paragraph numbers to identify their locations 
in the various sections of the Code, and are submitted for criticism from 
anyone interested therein. Discussions should be mailed to the secre- 
tary of the Boiler Code Committee, 29 West Thirty-ninth Street, New 


York, N. Y., in order that they may be presented to the committee for 
consideration. 


For the convenience of the reader in studying the revisions, all added 
matter appears in small capitals and all deleted matter in brackets. 


Par. P-186. REVISED: 


P-186. Welded Joints. The ultimate strength of a joint which has 
been properly welded by the forging process shall be taken as 35,000 Ib. 
per Sq. in., with steel plates manufactured in accordance with Pars. 
8-264 to S-279 of Section II of the Code. FUSION [autogenous] welding 
may be used in boilers, AS HEREINAFTER SPECIFIED PROVIDED THE CARBON 
CONTENT IN THE STEEL DOES NOT EXCEED 0.30 PER CENT, in cases where 
the stress or load is carried by other construction which conforms to the 
requirements of the Code and where the safety of the structure is not 
dependent upon the strength of the weld. Joints between the doorhole 
‘anges of furnace and exterior sheets may be butt or lap-welded by 
‘he fusion process, provided these sheets are stayed or otherwise sup- 


*Re| ted from May, 1930, issue of Mechanical Engineering. 
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ported around the doorhole opening and provided the distance from the 
flange to the surrounding row of stays or other supports does not excee) 
the permissible staybolt pitch as per Par. P-199. If such joints are lap. 
welded the exterior-sheet flange should preferably be placed on the out. 
side or next to the door opening and the firebox-sheet flange on the ip. 
terior next to the water. FUSION [autogenous] -welded construction may 
be used in lieu of riveted joints in the fireboxes of internally fired boil. 
ers, provided the welds are between two rows of staybolts, or in the case 
of flat surfaces the weld is not less than one-half of a staybolt pitch 
from the corner. 


NON-PRESSURE PARTS MAY BE TACK-WELDED TO THE SHELL OR DRUM OF 
A BOILER, PROVIDED THE STRENGTH OF THE SHELL OR DRUM IS COMPUTED 
WITH SUCH WELDS CONSIDERED AS THE EQUIVALENT OF HOLES DRILLED 
THROUGH THE SHELL OF THE FOLLOWING DIAMETERS: 


@ FOR MATERIAL CONTAINING MORE THAN 0.30 PER CENT CARBON, 
SUCH AS THAT USED IN FORGED SEAMLESS STEEL DRUMS, THE DIAMETER 
OF THE EQUIVALENT HOLES SHALL BE TAKEN AS TWICE THE MAXIMUM 
DIMENSION OF THE WELD, BUT IN NO CASE SHALL A WELD EXCEED | IN 
IN LENGTH. 


b FOR MATERIAL CONTAINING NOT TO EXCEED 0.30 PER CENT CARBON 
THE DIAMETER OF THE EQUIVALENT HOLES SHALL BE TAKEN AS TH 
MAXIMUM DIMENSION OF THE WELD PLUS '% IN., BUT IN NO CASE SHAIL 
A WELD EXCEED 3 IN. IN LENGTH. 


c THE EFFICIENCY OF THE LIGAMENTS BETWEEN ANY TWO OF THE 
WELDS (CONSIDERED ON THE BASIS OF EQUIVALENT HOLES) SHALL NO! 
BE LESS THAN THE REQUIRED EFFICIENCY FOR LIGAMENTS OR LONGI 
TUDINAL JOINT OF THE DRUM. 


WHERE THE DRUM AND THE ATTACHED PARTS ARE’ HEAT-TREATED Oh 
STRESS-RELIEVED AFTER THE NON-PRESSURE PARTS HAVE BEEN ATTACH 


BY FUSION WELDING, NO DEDUCTION NEED BE MADE ON ACCOUNT OF THE 
WELD. 


THE ENDS OF INNER BUTT STRAPS OF RIVETED BUTT-STRAP LONGITUDINAL 
JOINTS MAY BE FUSION WELDED TO THE EDGES OF HEADS OR TO THE Clk 
CUMFERENTIAL BUTT STRAPS FOR TIGHTNESS, PROVIDED THE CARBON CO0%- 
TENT IN THE STEEL DOES NOT EXCEED 0.30 PER CENT. 


PAR. U-23. Mopiry REVISED FoRM oF THIS PARAGRAPH AS IT APPEARED 
IN JANUARY ISSUE TO READ: 


U-23. Pressure vessels MAY [shall not] be fabricated by means @ 
fusion welding under the rules given in Pars. U-67 to U-79, PRoviDm 
THE FABRICATION IS IN ACCORDANCE WITH THE PROCEDURE FOR FUSION 
WELDING OF PRESSURE VESSELS GIVEN IN THE APPENDIX, AS FOLLOWS 
[except] : 


a Air vessels, when the inside diameter does not exceed 60 [20] in. 
oR [the length does not exceed 3 times the diameter, and] the workin! 
pressure does not exceed 200 [100] lb. per sq. in., OR THE TEMPERATUM 
DOES NOT EXCEED 250 DEG. FAHR. 


b [Other] Vessels [under these rules], in which the circumfcrentit 
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‘ints only may be welded, when the inside diameter does not exceed 
48 in., or 72 in., when at least 75 per cent of the load on a flat head is 
supported by tubes or through stays extending from head to head. 


¢ VESSELS OF ALL KINDS AND OF ANY DIMENSIONS, IN WHICH ALL JOINTS 
MAY BE WELDED, PROVIDED THAT IN ADDITION THE RULES GIVEN UNDER THE 
“SPECIFICATIONS FOR FUSION WELDING OF DRUMS OR SHELLS OF POWER 
BOILERS” ARE FOLLOWED (these Specifications were published in the 
February, 1930, issue of JOURNAL OF THE AMERICAN WELDING SOCIETY. 
Where the vessels are fabricated in accordance with the recommended 
procedure for fusion welding of pressure vessels given in the appendix, 
the limiting diameter in par. U-23a may be taken as 60 in. and the limit- 
ing pressure may be taken at 200 Ib. per sq. in., provided the temperature 
does not exceed 250 deg. fahr. | 


Par. U-59f. Change the letter of this section to “g’’ and insert new sec- 
tion “f” to read as follows: 

Nozzle Fittings, Fusion Welded. f NOZZLES MAY BE FUSION WELDED, 
WITH OR WITHOUT REINFORCEMENT, TO THE SHELL OR TO THE SPHERICAL 
PORTIONS OF THE HEADS AS PERMITTED IN PAR. U-77, PROVIDED THE FABRI- 
(ATION IS IN ACCORDANCE WITH THE PROCEDURE FOR FUSION WELDING OF 
PRESSURE VESSELS GIVEN IN THE APPENDIX. SUCH FITTINGS SHALL BE 
HEATED FOR STRESS RELIEF IN ACCORDANCE WITH THE REQUIREMENT OF 
PAR. U-72 AND AS SPECIFIED IN FIG. U-3. 


Par. U-65. Mopiry REVISION SHOWN IN THE OCTOBER, 1929, ISSUE OF 
“MECHANICAL ENGINEERING” TO READ: 


U-65. Every pressure vessel shall be inspected at least TWICE [once] 
by a state or municipal inspector of boilers, or an inspector employed 
' regularly by an insurance company which is authorized to do a boiler- 
insurance business in the state in which the vessel is built, or in the 
state in which it is to be used, if known [which inspections shall be made 
one before reaming rivet holes or finally closing the vessel to inspection, 
and the other when the hydrostatic pressure test is on] IN THE CASE OF A 
RIVETED VESSEL, ONE INSPECTION SHALL BE MADE AT THE TIME OF REAM- 
ING RIVET HOLES. IN THE CASE OF A VESSEL FABRICATED IN WHOLE OR IN 
PART BY A WELDING PROCESS, ONE INTERNAL INSPECTION SHALL BE MADE 
BEFORE FINAL CLOSURE. A FINAL INSPECTION SHALL BE MADE AT THE TIME 
OF THE HYDROSTATIC TEST. A data sheet shall be filled out and signed 
by the manufacturer and the inspector, which data sheet, together with 
the stamping on the vessel, will denote that it is constructed in accord- 
ance with these Rules. [Every pressure vessel fabricated in whole or 
in part by a welding process, shall, when the size of the shell permits, 
be internally inspected before being finally closed to inspection. ] 


PaR. U-67. REVISED: 


U-67. Processes. The fusion process, so-called, shall consist of weld- 
ing means of either the oxyacetylene process or ANY [the] electric- 


are process, using welding wire, either bare, coated, or covered, OR MELT- 
ING DOWN THE BASE METAL. 


PAR. |-68. Moprry REVISED FoRM OF THIS PARAGRAPH SHOWN IN JANU- 
‘-Y ISSUE TO READ AS FOLLOWS: 
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U-68. When welded in accordance with the Procedure for Fusion Weld. 
ing of Pressure Vessels given in the Appendix, the strengths of joints 
may be calculated on a maximum unit working stress (S), at right 
angles to the direction of the joint, as follows: 


[For] Butt double-V [longitudinal] welds FOR ALL JOINTS...... 8000 Ib. 
|For] Butt single-V For girth or head welds.................. 6500 Ib 
(For] Double full-fillet lap [or girth] welds, FOR GIRTH JOINTS 

ONLY 7000 Ib. 
[For spot or intermittent girth or head welds................5600 Ib. 


[Unless the Procedure for Fusion Welding of Pressure Vessels given 
in the Appendix is followed in all particulars, the unit working stress 
(S) at right angles to the direction of the weld shall not exceed 5600 |b. 
per sq. in. (see Par. U-20).] 


PAR. U-70. REVISE FIRST SENTENCE TO READ AS FOLLOWS: 


The base metal of shells shall not exceed % in. thickness, EXCEPT As 
PROVIDED IN PAR. U-23c. 


PAR. U-71. REVISED: 


U-71.. Method of Welding. Longitudinal seams shall be of the double- 
V type, that is, welded from each side {halfway through the sheet 
Girth and head seams may be of the single-V type, that is, welded en- 
tirely through from the outside. Double-V welds shall be reinforced at 
the MIDDLE |center] of the weld on each side |of the plate] by at least 
1/16 IN. UP TO AND INCLUDING % IN. PLATE [25 per cent of the plate thick- 
ness]. Single-V welds shall extend entirely through the plate and shal 
be reinforced at the MIDDLE [center] of the weld by AT LEAST ‘4 IN 
UP TO AND INCLUDING %% IN. PLATE [not over 20 per cent of plate thick- 
ness]. All welds shall be of sound metal, thoroughly fused to the sides 
of the V for its entire depth. Sheets must not be allowed to lap during 
welding. In material 4% in. THICK OR LESS THE SINGLE-V TYPE OF JOINT 
MAY BE USED FOR LONGITUDINAL SEAMS, AND THE BEVELING OF THE EDGES 
FOR EITHER LONGITUDINAL OR CIRCUMFERENTIAL SEAMS MAY BE OMITTED 
IF A BACKING-UP STRIP IS USED TO INSURE COMPLETE PENETRATION OR IF 
THE JOINT IS WELDED FROM BOTH SIDES [or less in thickness, the longi- 
tudinal seams need not be beveled. In material less than 1% in. thick, 
beveling the heads will be sufficient, and the shell need not be beveled 
at the head seams. One side of each girth seam shall be beveled}. 


There shall be no valley either at the edge or in the MIDDLE [center] 
of the joint, and the weld shall be so built up that the welded meta! will 
present a gradual increase in thickness from the surface of the sheet 
to the MIDDLE [center] of the weld. 


At no point shall the sheet on one side of the joint be offset with 
the sheet on the other side of the joint in excess of one-quarter of the 
minimum thickness of the sheets, or plates. 


PAR. U-72. RENUMBER THIS PARAGRAPH AS U-73, AND INSERT NEW PAR. 
U-72 To READ AS FOLLOows: 


U-72. THE PART OR PARTS OF THE VESSEL SPECIFIED FOR STRESS RELIEV- 
ING SHALL BE HEATED UNIFORMLY AND THE TEMPERATURE INCREASED 
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SLOWLY TO AT LEAST 1100 DEG. FAHR. AND HELD AT THAT TEMPERATURE 
OR A TIME AT LEAST PROPORTIONAL TO ONE HOUR PER INCH OF THICKNESS, 
AND SHALL THEN BE-ALLOWED TO COOL SLOWLY IN A STILL AIR. IF THE 
VESSEL IS NOT SUFFICIENTLY RIGID TO RETAIN ITS SHAPE AT THE ABOVE 
TEMPERATURE, THE HEATING SHALL TAKE PLACE AT 1000 DEG. FAHR. FOR 
4 TIME AT LEAST PROPORTIONAL TO THREE HOURS PER INCH OF THICKNESS. 


ANY ONE OF THE FOLLOWING METHODS OF DETERMINING THE EXTENT 
(OF HEATING IN STRESS RELIEVING WILL BE CONSIDERED SATISFACTORY : 


a HEATING THE COMPLETE VESSEL AS A UNIT. 
b HEATING A COMPLETE SECTION OF THE VESSEL (HEAD OR COURSE )} 

















AAAs 


i 
QJ. 


Limit to 4° when Dia. of Limit to 4° when Dia. of 
Sell is Greater than & Shell is Greater than 


D E 
UNREINFORCED NOZZLE OUTLETS 


AAAS 


¢ 
4 
ye 








REINFORCED NOZZLE OUTLETS 


Stress Relieving fs, Sogyree in Fabricating 
Designs: B,F,G,H, I,K sl 


W=Minirmum Wath ow Band for Stress Relieving 


Detail of Heig X 


£+t,15ty +OSt (Min) t,"\2Stp,-O2St (Min) 


For t up to Including §° t; F 


t,-t+g 
‘ t,+t,°125t (Mm 
For t over § " shad 


tots 


Fie. U-3 





JOURNAL OF THE A. W. S. June 
CONTAINING THE PART OR PARTS TO BE STRESS RELIEVED EFoRE 
ATTACHING THE SECTION TO OTHER SECTIONS OF THE VFSSEL. 


C HEATING A CIRCUMFERENTIAL BAND HAVING A MINIMUM WIDTH 
OF W AS SHOWN IN FIG. U-3, IN SUCH A MANNER THAT THE ENTIRE 
BAND SHALL BE BROUGHT UP TO THE UNIFORM TEMPERATURE Rp- 
QUIRED FOR STRESS RELIEVING. 


Par. U-73. RENUMBER THIS PARAGRAPH AS U-74 AND REVISE To Reap: 


U-73. Distortion. The cylinder or barrel of a vessel shall be |sub- 
stantially] circular at any section WITHIN A LIMIT OF 1 PER CENT, and 
if necessary to meet this requirement shall be reheated, rerolled o: 
reformed. 


Pars. U-76 AND U-77. REPLACE BY NEW PAR. U-77 TO READ AS FOLLows: 
U-77. Inlet and Outlet Connections. Pipe connections may be mad 
as provided for in Par. U-59. 


Nozzles which are attached by fusion welding shall be formed and 
welded in accordance with Fig. U-3. 


Nozzles may be fusion-welded, with or without reinforcement, to th 
shell or to the spherical portions of the head (see Fig. U-3). When the 


inside diameter of the vessel is 36 in. or greater, the inside diameter 


of an unreinforced fusion-welded nozzle shall not exceed that given in 
the following equation: 


D 
d = 0.1155 — \/ 6K — 5K* — 1 
K 


where d — maximum allowable inside diameter of nozzle, in inches 
D = inside diameter of shell, in inches. 


K = ratio of computed stress in the solid plate to one-fifth of the 


PR 
ultimate tensile strength stamped on the plate, = — 
St 
Fusion-welded nozzles which require reinforcement may be of the re- 
inforced type, as shown in Fig. U-3. Nozzles of the type shown in Fig 
U-3K shall be designed in accordance with the rules for manholes given 
in Pars. U-55, U-56, and U-57. For other reinforced nozzles, the thick- 
hess of the reinforcing pad may not be less than that given in the follow- 
ing equation: 
d (1— K) 
t=T | 3.75 —— 0.525 
D K 


where t = required thickness of pad, in inches. 
T = thickness of shell or head, in inches, 
d = inside diameter of nozzle, in inches. 
D = inside diameter of shell, in inches. 
K = ratio of computed stress in the solid plate to one-fifth | 
PR 
ultimate tensile strength stamped on the plate —= —. 
St 
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The thickness of the reinforcing pad shall not be less than *4 in. when 
the thickness of shell or head to which the same is fitted is 2 in. or less; 
when thickness of head or shell is greater than 2 in., the minimum 
thickness of the pad shall be 1 in. The width of the pad along the 
longitudinal axis of the shell, or any axis of a head, shall not be less 
than the inside radius of the nozzle, less the nozzle thickness. 


Nozzles which are attached by fusion welding in vessels whose seams 


Shel! 


Fie. U-3!/:A Fie. U-3'!/.B 


are of riveted construction shall be attached prior to the making up 
or attachment of the courses by riveting, or if they do not require stress 
relieving, shall have such nozzles located at a distance from the riveted 
seam equal to the diameter of the nozzle plus 4 times the shell plate 
thickness. 

PAR. U-87. REVISE SIDE HEADING AND FIRST SENTENCE TO READ: 


U-87. Stress Relieving. [Annealing.] After welding, the entire 
whole} vessel or cylinder shall be heated UNIFORMLY AND [to a] THE 
temperature INCREASED SLOWLY AT LEAST 1100 DEG. FAHR., AND HELD 
AT THAT TEMPERATURE FOR A TIME AT LEAST PROPORTIONAL TO ONE HOUR 
PER INCH OF THICKNESS [sufficient to remove the internal strains], and 
SHALL [then] BE allowed to cool slowly in A STILL AIR [the air]. IF 
THE VESSEL IS NOT SUFFICIENTLY RIGID TO RETAIN ITS SHAPE AT THE 
ABOVE TEMPERATURE, THE HEATING SHALL TAKE PLACE AT 1000 DEG. FAHR. 


FOR A TIME AT LEAST PROPORTIONAL TO THREE HOURS PER INCH OF THICK- 
NESS. 


Job Shop Welding 


H. L. FEerrer+ 


T HE job welding shop of today has an ever-widening field of activity. 
A few years ago some automobile welding, repair and maintenance 
for industrial plants was practically the limit of such shops. In 
nnection I might say that we still find plant executives who are 


= re of the savings both in time and money that can be effected by 
welc or. 


work 
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refore it appears that intelligent advertising is an important factor 
management of a job welding shop. Our experience has proved 
‘rsonal solicitation is best for this purpose. Photographs of actual 


ger, Rochester-Welding Works, Rochester, N. Y. 
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work done are a help in convincing the doubtful. Telephone directory 
advertising and occasional newspaper items are also good. 


In the early days of the welding industry steel and cast iron were 
practically the only metals thought weldable. Today the up-to-date weid- 
ing shops that really understand their job are welding alloy steels, staip- 
less steels, acid-resisting iron, aluminum, monel metal, stellite and 
copper and bronze mixtures of every nature successfully. To do this it 
is necessary to employ skilled welders who know the proper procedure 
and have at hand the equipment and welding materials needed. 


This necessitates a well-organized shop. The “blacksmith shop” type of 
welding shop has little chance of competing in the welding industry of 
today. When one considers that no less than twenty or twenty-five types 
of welding rods must be carried in stock and most of these types in 
various sizes it will be seen that no hit-or-miss plan will answer. Stor- 
age bins along the walls of the shop will be found most satisfactory 
In this way each type and size of rod may be kept separate. 


The modern shop should have a special preheating floor so that large 
castings, punch presses, gear wheels, etc., can be handled. For today 
there is no limit to the size of castings that can be successfully welded 
and adequate floor space is essential. 


In addition to a well equipped shop portable outfits for both electric 
and oxy-acetylene welding in the field are needed. Boiler welding, weld- 
ing of pipe lines, and repairs to shovels and dredges furnish large possi- 
bilities to the welding shop. 


It might be of interest to briefly mention a few successful jobs of 
recent years that a short time ago would have been impossible. 


It has always been possible to weld cracked bells but after welding it 
was generally found they would not ring true. However, in one instance, 
a small section of a church bell was taken, analyzed, welding rods made 


up to same specifications, the bell welded and the tone found to be un- 
impaired. 


In 1928 we welded twenty-five tons of %%-in. copper plate successfully. 
The plate and also the welding rods for this job were made to specifica- 
tions furnished by our shop. 


Recently, by the use of silver solder, an acid resisting tank was success- 
fully welded. 


The above-mentioned jobs and many more show the need of a technical 
knowledge of the principles of welding if a progressive shop is to be 
operated. 

The electrical contractor is finding a use for the job welding shop in 
building up worn armature shafts and also for welding extensions onto 
the shaft. This work can be done without damage to the armature. The 


welding is readily machined and when turned to proper size it looks like 
a new shaft. 


Special tanks, truck bodies, etc., can be welded to advantage. 


More automobile and truck welding is being done today than « 
before. This is another reason for larger and better equipped shop: 
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there must be room to drive cars and trucks in and out of the shop. 
Jobs in this line most encountered in welding shops include broken 
truck frames to be welded and reinforced, crank cases, cylinder blocks, 
housings, fenders, bumpers and tail-gates. 


The farmer should be educated to what the welding shop can do for 
him. In this connection folders, blotters, calendars, etc., can carry him 
the message of welding as a time saver for breakdowns during cultivating 
and harvesting seasons. 

Hard facing metals are being used successfully. Additional life of 
from three to five times is added to many types of metal where a hard 
wearing surface or other part resistant to abrasion is needed. Equipment 
for drilling, cement mill machinery, equipment used in quarries and 
mines, dredge buckets, special machine forming tools, scrapers, cams, 
plow shares and trip levers have been successfully treated in this way. 


The welding of large aluminum casting has been reduced to a science. 
Preheating is necessary in most cases to prevent distortion. If the 
proper procedure is followed and a good rod used success is assured. 


The housewife, too, has need of the welding shop. Vacuum cleaner 
parts, washing machine parts, stove and furnace grates, oven doors, hot 
water coils, lawn mower parts and innumerable other articles may -be 
welded at great savings. 

Cutting by means of the oxy-acetylene torch is in wide use. It is the 
most effective means of cutting up steel castings of unusual size and is 
therefore used in large sized scrapping operations and also in machinery 
and plant layout changes. 


Perhaps the most noteworthy advance in the practices of job welding 
shops has been the progressing from strictly maintenance and repair 
work into production work of various types. Here, again, proper adver- 
tising is of great importance. By giving publicity to past successful 
jobs the shop will secure new business of a similar nature. 


The larger shops are also branching out into various types of con- 
struction work. This is a comparatively new field for the welding shop 
but it has vast possibilities and will undoubtedly come to be more widely 
used as time and experience prove it to be the most effective method of 
joining steel structures. 

Ornamental iron work, because of its increased use, can be advanta- 
geously introduced into welding shops. Door handles, latches, hinges and 
knockers of wrought iron for the summer home may be easily made. 
Lanterns and sconces for electric lights, window grilles, balconies, rail- 
ings, gates and inclosures of all kinds may also be useful on the summer 
estate. There is a large field for welded iron work inside as well as out- 
side the summer home. And irons, fire screens tongs, shovels and pokers 
are just a few suggestions of the possibilities. 


Finally a job welding shop to succeed and make money must eliminate 
guesswork in figuring costs. Labor, materials used, depreciation and 
over ead must all be taken into consideration. The welder must keep a 
record of the time required to complete each job and the materials used. 
Onl; in this way can the cost be accurately determined. 





Training Course for Aircraft Welders * 
R. W. Bocest AND S. C. CLARKtt 


ITHIN the last few years the world has become air-minded to a 

degree far exceeding the expectations of even the most enthusiastic 
proponents of aviation of a decade ago. Each year the production of 
airplanes for commercial and private use has exceeded the estimates 
made at the beginning of the year. 


It is well known that the American aircraft industry has standardized 
on welded steel tubing construction for fuselages, landing gear and other 
parts, the most recent development being the extension of this method of 
fabrication to wing construction. This fact, coupled with the constaatly 
growing production of aircraft, has resulted in an ever-increasing de- 
mand for trained oxy-acetylene welders capable of producing the high 
quality of work that is essential in this field. 


Experience in other industries having shown that application of pro- 
cedure-control principles insures welded construction of highest quality, 
it was natural that procedure control should be adopted by the aircraft 
industry where quality is a prime requisite. It will be remembered that 
qualification of welders is one of the six points emphasized in procedure 
control. Training welders in accordance with these principles will conse- 


quently produce welders most capable of meeting the demands of the 
aircraft industry. 


This article outlines a training course for aircraft welders based on the 
firmly established principles of procedure control. Obviously the instruc- 
tor in charge of such a course should be thoroughly familiar with all 
phases of procedure control as well as with actual factory operations 
and other technical features of aircraft production. 


LESSON 1 


Lecture—1. Oxy-acetylene process for welding and cutting metals 
Fundamental principles, development, industrial importance. Oxygen 
and acetylene. 2. Functions of apparatus. Brief description of blow- 
pipes and regulators by means of cross-section drawings. 3. Precautions 


and safe practices. Opening valves, adjusting regulators, blowing ou! 
hose, why hose is of different colors. 


Demonstration—1. Set up of equipment, adjusting regulators, lighting, 
adjusting and extinguishing flame. 2. Effects of neutral, carbonizing 
(excess acetylene), and oxidizing flames on steel plate. 3. Proper method 
of making ripple weld on flat plate without rod. 


Shop Work—tThe student should practise setting up equipment, ac just- 
ing regulators, lighting, adjusting, and extinguishing blowpipe flame 4 

*Copyrighted by American Welding Society. 

*+Mechanical Engineer, Union Carbide Co. 

*tResident Engineer, Linde Air Products Co. 
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in the demonstration. Using pieces of 22 to 16 gage sheet steel, study 
effects of neutral, excess acetylene, and oxidizing flames on steel. On 
pieces of sheet steel slightly inclined as in Fig. 1 make forward ripple 
welds without rod. 

LESSON 2 


Lecture—Blowpipes (low pressure and pressure types). Principles, 
construction, care of tips, valves and hose. 


Demonstration—1. Proper cleaning tips. 2. Making and inspect- 
ing hose connections. 3. Splicing hose. 


Fic. 1—SuHoPp Work 
LAYOUT—LESsSONS 1 
TO 3 


Shop Work—Continue practice ‘'n making forward ripple welds with- 
out rod as in Lesson 1 and Fig. 1. 


LESSON 3 


Lecture—1. Regulators, different types and their construction. Care 
of regulators and minor repairs. 2. Function of welding rod. Carrying 
+ a puddle, using rod. Forward and backward welding. 





Fic. 2 — SHOP 

WorK LAYOUT 

—LESSONS 4 
AND 5 





Demonstration—1, Assembly of regulators. 2. Making forward ripple 
welds on steel plate with rod. Making forward and backward fillet welds 
with rod. 


Shop Work—After further practice in making forward ripple welds 
with ut rod the student should practise making the same type of weld 
usiny welding rod. 

LESSON 4 
‘ure—l1. Oxygen. Production, cylinders, precautions in handling. 
tylene. Methods of generating, safe pressure. Reason for com- 


‘ with acetone in cylinders, precautions in handling. 3. Genera- 
types. 


ionstration—Charging of generator—if one is available. 
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Shop Work—Using pieces of 22 to 16 gage sheet steel slotted as shown 
in Fig. 2 make forward ripple butt welds with rod. Test occasional 
welds for penetration by bending in vise. 


LESSON 5 


Lecture—Cutting. Difference between cutting and welding blowpipes. 
Spontaneous burning of red ‘hot iron or steel in oxygen. Reason for the 
heating flames. Starting and maintaining a cut. 





Fic. 3—SHop WorK 
LAYOUT—LESSON 6 


Demonstration—Burn welding rod in oxygen to show principle of 
cutting. Cutting with blowpipe. 














Shop Work—Cutting steel plate. Continue making forward rippl 
butt welds as in Lesson 4, testing occasional welds by bending. 


LESSON 6 
Lecture—Review of past week’s lectures, with stress on Lecture 1. 


Shop Work—Lap two pieces of 22 to 16 gage sheet steei as shown in 
Fig. 3. Make forward and backward fillet welds along both lapped edges 
using rod, cut welds off plate and repeat. As the student acquires pro- 
ficiency, strips 1 in. wide, containing a weld, should be cut into 1-in. 
squares and the welds tested for penetration by forcing plates apart. 


LESSON 7 


Lecture—1. Metallurgy of low carbon steel, mild steel and chrome- 
molybdenum steel, their chemical and physical properties. 2. Tests for 
recognition of the different grades. 3. Importance of high quality weld- 
ing rod of proper grade. 


Demonstration—Show how to distinguish between different grades 
of steel discussed in lecture, by welding, melting, etc. 


Shop Work—Repeat shop work in Lesson 6. Set up and tack two 
pieces of 22 to 16 gage sheet steel as shown in Fig. 4 with one plate 
vertical. The position of the other plate should vary from horizontal 
to vertical in the series of specimens welded by the student. Make for- 
ward corner welds without rod and with rod. Test occas‘ona! welds 
for penetration by bending. 


LESSON 8 


Lecture—Significance of carbon content of steel. Effect of other 
than neutral flames on the puddle and finished weld. Overheating 0! 
puddle and adjacent base metal. Effect of heat on chrome-molybdenum 
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steel. Desirability of using a moderate flame and making as small a weld 
as consistent with maximum strength, to prevent overheating of chrome- 
molybdenum base metal. 


Demonstration—Welding the d‘fferent grades of steel, showing results 
of improper flame adjustment and overheating. 


Shop Work—Make forward butt and fillet welds with rod as in Lessons 
4 to 6 except that the sheet being welded should be supported so as to 





Fic. 4—SHop WorK 
LAYOUT—LESSON 7 




















form an angle with the surface of the welding table varying from 0 to 45 
deg., for the series of specimens welded during this shop work period. 
This is indicated in Fig. 5. 
LESSON 9 

Lecture—Good welding technique and character of satisfactory welds. 
Cleaning edges to be welded of scale, etc. Spacing of joints and tacking, 
when required. Fusion, size and contour of weld, penetration to root 
of fillet and to inner side of butt weld. Importance of smooth fillet at 
junction of weld and base metal. Remelting tack welds and remelt ng 
when tying into a previously made weld. 

Demonstration—Welding tee and lattice joints of tubing, illustrating 
points in leeture. 

Shop Work—Continue the shop work of Lesson 8 with the sheets set 
at angles varying from 45 to 90 deg. as indicated in Fig. 5. Occasional 
Welds should be tested as was done in previous lessons. 


LESSON 10 


Lecture—Theoretical discussion of fuselage joints, tensile and com- 
pressive members. ‘Why center lines should intersect at a common point. 
Why gusset plates, insert plates and fish mouth joints are used. 


mstration—Show typical joints on board and discuss character 
sses. 
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Shop Work—Set up and tack a 1-in. strip of sheet steel at right anvies 
to the surface of a larger piece of the same material as shown in Fiv. ¢. 
Make forward and backward fillet welds along both sides of the strip. 
Repeat, varying the angle at which the strip is set on the plate and 
also the angle which the base plate makes with the surface of the welding 
table as shown in Fig. 6. 


LESSON 11 


Lecture—Various methods of testing welds, by bending from both 
sides, fracturing through weld, tensile test, crushing test, etching polished 
cross-sections, remelting completed welds. 


Design and use of jigs and fixtures. Taking care of expansion and 
contraction. 
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Demonstration—Test welds by all above methods for which facilities 
are available. Show how tubes and joints may be distorted by heat and 
methods of controlling distortion. 


Shop Work—For this and subsequent lessons requiring the use of 
tubing, the following materials should be used: mild steel tubing, Army 
and Navy Specification 57-180-1A or S.A.E. 1025; chrome-molybdenum 
tubing, Army and Navy Specification 57-180-2A or S.A.E. 4130X. Tubing 
sizes should vary from %4 to 2 in., the corresponding wall thickness 
varying from 0.028 in. to 0.065 in. 








FG. 7 — SHop 
Work LayouT— 
LESSON 11 


As shown in Fig. 7, make longitudinal welds using rod on the surface 
f tubing inclined from horizontal to vertical position. Make rotat- 
ing and position welds using rod on surface of tubing inclined from 


horizontal to vertical. These welds may be made in a continuous spiral, 
if desired. Make open butt welds of the rotating and position types on 
pieces of tubing lined up and tacked as shown at the right in Fig. 7. 


Test open butt welds occasionally for fuston, penetration, and size by 
stching cross-section. 


LESSON 12 
Lecture—Review of past week’s lectures with stress on 8 and 9. 


us 


hop Work—Set pieces of tubing perpendicular to a piece of 22 to 16 
gage sheet steel as shown in Fig. 8. Make forward and backward fillet 
Welds joining tubing to plate. Test occasional welds by remelting weld 
metal to determine soundness, fusion and penetration. 


LESSON 13 


ure—Line up of fuselage, landing gears, tail surfaces, motor 
mounts, ete. 


mstration—Demonstrate according to lecture. 


; ’ Work—Continue Lesson 12 with the tubing set at angles varying 
rom perpendicular to 45 deg. as shown at the right in Fig. 8. Make for- 
Warc and backward fillet welds. Test occasional welds by remelting. 
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LESSON 14 with 
by re! 
ness, 


Lecture—Bronze-welding. Welding aluminum, stainless steels, etc. 
Demonstration—Show use of flux in welding as discussed in lecture 


Shop Work—Repeat the shop work in Lessons 12 and 13 with the plat 
in vertical position. 


90° 





Fle. 8 — SuHop 
Work LayrouT— 
LESSON 12 




















Fic. 9—SHop WorkK LAyouT—LEsson 15 


LESSON 15 


Lecture—Airplanes in general. Fuctory production methods. Simple 
aerodynamics. 


Shop Work—Continue welding tubing to plate making position welds. 
Preparation, set up, tacking and welding of tee and lattice joints ith 
tubing.. Fig. 9 is a typical joint. Make forward and backward welds 
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with main section of tubing horizontal on table. Test occasional welds 
by remelting weld metal and by etching cross-sections to determine sound- 
ness, fusion and penetration. 
LESSONS 16 TO 20 
Lectures—Repeat Lectures 1 to 5. 


Shop Work—Continue work outlined in Lessons 14 and 15. 





Fic. 10—SuHop Work LayoutT—Lessons 23 To 27 


LESSON 21 

Lecture—Repeat Lecture 6. 

Shop Work—Make overhead welds without rod on steel sheet. With 
sheets prepared as in Fig. 2, make overhead welds with rod. With sheet 
prepared in the same way, make forward and backward welds with rod 
with the plate vertical and the slots horizontal. Test occasional welds 
lor penetration by bending in vise. 

LESSON 22 
‘ure—Repeat Lecture 7. 


p Work—With tubing prepared as in Fig. 7 and as in Fig. 9 make 
ad welds with axes of all tubes horizontal. Test occasional welds 
ielting weld metal and by etching cross-section to determine sound- 
usion and penetration. 
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LESSONS 23 TO 27 
Lectures—Repeat Lectures 8 to 12. 


Shop Work—Prepare joints as shown in Fig. 10 and as more compli. 
cated joints in a fuselage are constructed. Make welds in the position 
in which joints would be located in regular production work. Test 


1;" A D. 
0058 wal th. 


| 4"to ins, ae 








Fic. 11—Open Butt WELD TEsT 
SPECIFICATIONS 


Preparation of Ends — Cut 
square, clean inside and out 
past width to be welded. 

Tacking—Tack welds &%”" to 4” 
long at 3 equidistant points. 

Method of Welding—Tubes ro- 
tated while welding. 


Reinforcement — %” minimum, 
” maximum. 

Penetration—F ull, to inside wall 

Width of Finished Weid—Not 
less than 6 times tube wal! 
thickness. 

Contour of Weld—Tapered grad- 
ually to base metal either sid 
of weld as shown in detail. 


Meena 
ig min.rein- 
s LP torcement 


“ peglee 
Aw, & After tacking 
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Fic. 12—Position ButTT WELD Trst 


SPECIFICATIONS 


Preparation of Edges—Cut 
square, surface of edges to be 
ground or filed off if cut with 
oxy-acetylene blowpipe. Sur- 
faces of tube to be welded to 

thoroughly cleaned of 
oxides and any foreign matter 
as heretofore specified. 

Tacking—Tack welds *%” to \4” 
long where marked. 











A inh) 





be 2 
_ 2 Tack weld 


Method of Welding—Tube se- 
cured in a vertical position. 
Weld vertical, starting at bot- 
tom of specimen. 

Reinforcement _ te” minimum, 

maximum. 


Penetration—Full, to inside wall. 

Width of Finished Wall— Not 
less than 6 times tube wal! 
thickness. 

Contour of Weld—Tapered grad- 
ually to base metal either side 
of weld, as shown in detail. 


1930] 


occaslo 
started 
fusion 


Lect 
Sho) 


tion teé 
mens = 





(Tune 


mpli- 
sition 
Test 








1930] TRAINING AIRCRAFT WELDERS 71 


occasional welds by remelting weld metal particularly where they were 
started and closed out. Also etch cross-section to determine soundness, 
fusion and penetration. 
LESSON 28 
Lecture—Repeat Lecture 13. 


Shop Work—Preparation and welding test specimens to pass qualifica- 
tion test. Specifications for preparation, welding and testing of speci- 
mens shown in Figs. 11 to 17. 











S 
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Fillet weid 
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Fic. 13—FILLet WELD Test 





SPECIFICATIONS long. both sides, near ends of 
plate. 

Preparation Edge of plate Method of Welding — Tube 
abutting tube to have square clamped to table so welds can 
cut. Surface of edge to be be made in a horizontal posi- 
ground or filed off if cut with tion. 
oxy-acetylene blowpipe. Sur- Dimensions of Weld—As shown 
faces of tube and plate to be in detail. Fillet contour to 
welded to be thoroughly taper gradually at either side 
cleaned of oxides and any of weld. 
foreign ae as heretofore Penetration—To the root of the 
specified fillet or to point “X.” 


Tac Sag Pack welds *&” to \4” 


LESSON 29 
Le-ture—Repeat Lecture 14. 


‘S/p Work—Special coaching and retesting in cases of failure in Les- 


sons. Otherwise, welding on regular fuselage. 


LESSON 30 
L ‘ure—Repeat Lecture 15. 


) Work—Welding on regular fuselage. 
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Qualification Tests for Aircraft Welders 


The following tests should be passed by a welder before he is allowed 
to weld upon aircraft structures. Preliminary tests may be omitted a 
the option of the inspector (welding foreman or instructor), if the 
welder or student has previously been under observation. Failure t 
satisfactorily pass the preliminary tests should eliminate the welder fron 
further consideration and save the time and expense of the final tests. 


MATERIAL 
(57-180-2A) 
Mild Steel (S.A.E. 1025) 
(57-180-2A) 
Chrome-Molybdenum Steel (S.A.E. 4130X) 
Sizes as shown in figures. 

















pti cs d& for 2° tube 
7 ( defor }° tube 


Fic. 14—OpEnN BuTtT COLLAPSING TEST 


SPECIFICATIONS One specimen to be welded in 
Preparation of Ends — Cut a vertical, fixed position 
square. Surfaces of tubes to Welding to be done forward 
be welded including surfaces or backward. Backward is 
inside joint, to be thoroughly recommended. 
cleaned of oxides and any Reinforcement—Wall thickness 
foreign matter as heretofore minimum, ” maximum. 
specified. Penetration—Full, to inside wal! 
Tacking—Tack welds \” to \4” Width of Finished Weld — Not 
long at three or more equi- less than 6 times tube wal! 
distant points. thickness. 
Method of Welding—Two speci- Contour of Weld—Tapered grad- 
mens to be rotated during ually to base metal either side 
welding, tube to be horizontal. of weld. 


PRELIMINARY TESTS 


1. Rotative Butt Welds—Welder to make an open butt weld joining 
two short sections of tubing for each of the two grades of steel specified 


herein. The designs and specifications for this test specimen are givel 
in Fig. 11. 


2. Position Butt Welds—Welder to make an open butt vert‘ca! weld 
joining two sections of 2-in. tubing in either of the two grades of steel 
specified herein. The designs and specifications for this test are give® 
in Fig. 12. 


3. Horizontal Fillet Welds—Welder to make a fillet welded spe: ime, 
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joining a 3/16-in. plate to a 1%%-in. tube section in either one of the two 
grades of steel specified herein. The design and specifications for this 
test specimen are given in Fig. 13. 


The material should be thoroughly cleaned before weld'ng in the 
regions of welding, of all oxides or any foreign matter. Cleaning can be 


done either with a stiff wire brush, a file or emery paper or by grinding 
if necessary. 


Welder to select tip and determine gas pressures. 


Welder to weld one fillet forward and one backward. 
Welder to select welding rod size. 














Fig. 15—INSERT PLATE JOINT TEST 


SPECIFIC 18 to be placed in convenient 
SPECIFICATIONS position for each of the three 
Preparation of Edges — Cut welds. Welding is to be done 
square. Surfaces to be welded forward or backward. Back- 
including surface inside joints ward is recommended. 
to be thoroughly cleaned of Reinforcement — As shown for 
oxides and any foreign matter fillets. For the butt weld, wall 
as heretofore specified. thickness minimum, ” maxi- 
Tacking—Four tack welds, two mum, 
each side, near end of plate at Width of Finished Welds — As 
point of fillet welds and two shown. 
tack welds near ends of plate Contour of Weld—Tapered grad- 


at point of butt weld. ually to base metal either side 
Method of Welding—Specimen of weld. 


welding inspector should, during the welding operations, look for 
lowing factors of manual skill (a to 1, inclusive) of the welder 
all determine whether he has sufficient skill to proceed with the 
ialification tests. 

A clean welding tip. 

Soft neutral welding flame, neither pointed nor irregular. 
Penetration to inside wall of tube, or to points “X” and to see if 
permits excessive weld metal to protrude into the tube. 
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(d) “Floating out” of oxides or any dirt in the weld puddle. 

(e) Even fusion into the base metal. 

(f) Regular movement of the blowpipe. 

(g) Occasional check for neutral flame, by throttling back to neutral! 
indication, a momentary excess of acetylene. 

(h) Uniform incorporation of filler material with the progressing weld 
puddle. 

(i) Production of a regular weld contour and proper tapering of the 


1¢"0.0. 





4) 


( 
Tack weld 
Se 


(4) 
Fic. 16—Composite Joint 
Method of Welding—Specimen 
orbeimeotaper sate to be welded in fixed position 
Preparation of Joints—lIntersec- insert plate vertical with prin- 
tions to be carefully matched. cipal member uppermost 
Surfaces to be welded includ- Welding to be done forward 
ing surfaces inside joints, to or backward. Backward 
be thoroughly cleaned of recommended. 
oxides and any foreign matter Penetration—To the root of fillet 
as heretofore specified. Contour of Weli—Tapered grad- 
Tacking—Tack welds &” to \4” ually to base metal either sid 
long where marked. of weld. 


weld along the sides in accordance with the sketches in Figs. 11, 12 
or 13. 

(j) Maintenance of clean, molten metal at all times during the welding 
operation. 

(k) Proper incorporation of the tack welds into the final weld, par- 
ticularly the fusion at such points. 

(1) Proper “closing out” of weld at finish where the progressing weld 
engages the start of the weld, where care should be exercised on the part 
of the welder to see that the finish of the weld is thoroughly penetrated 
into the previously made weld. 


The fillet welds in specimen Fig. 13 are to be remelted by a‘d of 3 
suitable welding flame, to expose the character of the weld such as its 
fusion, penetration and the general density of the deposited metal. 


FINAL QUALIFICATION TEST 


If the welder has satisfactorily passed the preliminary tests set out 


above, he should next be required to pass the following final quali!ication 
tests. 


_ 4, Open Butt Collapsing Test (Rotative and Vertical Position Wel 
ing)—This test requires the welding of three specimens similar ‘) F's. 
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14 in either of the two grades of steel specified. Two of the three speci- 
mens should be rotated during the welding operations for the convenience 
of welder, the specimens being at all times horizontal with respect to the 
longitudinal axis. The welding should be done in accordance with the 
specifications accompanying Fig. 14. 


To test the three specimens, crush between the jaws of a vise or par- 
allel faced heads of a press until reduced to one-half the original diameter. 
Any test weld in aircraft tubing that is cracked by this treatment should 
be considered unsatisfactory 











Fic. 17—Detai_s or Test WELDs 


). Insert Plate Joint. Fillet Weld Test (Horizontal Welding)—This 
test requires the welding of one specimen similar to Fig. 15, in either 
of the grades of steel specified herein. The specifications accompanying 

inform the welder of the welding requirements governing this 
‘men. Upon completion of welding, the specimen shall be cut in 
at points 14% in. from the front and back edges of the specimen, 

The surfaces of these sections (one for each section exposed) 
e prepared for macro-etching as recommended below. 


repared surfaces in the zone of the welds shall be inspected for 
wing factors: 
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(a) Conformity of dimensions of welds to those given in Fig. 15. 

(b) Penetration of Welds—Fillet welds shall have full penetration ty 
the points marked “X.” The tee butt weld shall have full penetration to 
the points marked “X.” 

(c) Fusion—The several welds shall be uniformly and completely 
fused to the base metal at all points of contact. 

(d) Sound weld metal, free from gas pockets or holes, fissures, plates 
of oxides, laps or similar defects. 


_ 6. Composite Joint (General Position Welding)—This test is speci- 
fied for the purpose of observing the welder’s ability to weld a typical 
four-member reinforced joint for aircraft and in a position characteristic 


to that of production practices. The design and specifications are given 
in Fig. 16. 


The nature of the design and the position of the specimen for welding 
requires the welder to make welds in several unhandy positions, also to 
superimpose welds upon previously made welds. His ability to produce 


a satisfactory welded joint under these conditions can be thus deter- 
mined. 


Upon completion of welding, sections through the specimens shal! be 
exposed through the center of the welds (Sections (3)—(3) and (4)—(4) 


Fig. 16), by sawing and be prepared for macro-etching as recommended 
below. 


The prepared surfaces in the zone of the welds shall be inspected simi- 


larly as for the fillet weld test, especial attention being given to the loca- 
tions where compound or rewelding has been done. 


MACRO-ETCHING 

The specimens for macro-etching are prepared by grinding or filing 
until the surface is flat. Then the grinding or polishing should be con- 
tinued on successively finer abrasive wheels or grades of emery paper. 
Each grinding should remove the scratches left by the previously used 
coarser wheels. The fina! polishing should be with No. 1 emery paper. 

A saturated solution of ammonium persulphate should be used for the 
etching. It may be supplied with a small cloth or wad of cotton. When 
the etching is finished, hold the specimen under running water and rub 
with a cloth or cotton, then wash with alcohol and dry quickly. 

The etched specimen may be inspected for the following: 


F ,Thoroughness of penetration of the welding. 
Contour of weld. 
Fusion between weld metal and base metal. 
Freedom from cold shuts, blowholes and non-metallic inclusions. 
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A Training Course for Are Welders. S. Martin, Jr. Welding (May, 1930), 
Vol. 1, No. 7, pp. 464-467. Planning the course. Essential equipment required. 
Qualifications for the instructor. Selecting the students. 

A Welded Gang Car for Railway Construction. R. W. McCall. Mechanical 
and Welding Engineer (April 20, 1930), Vol. 4, No. 4, p. 131. ' 

Acetylene Welding of rressure Piping. H. O. Michael. Power (April 
29, 1930), Vol. 71, pp. 668-671. Practical discussion of proper methods to be 
employed in welding of pipes; list of acetylene welding defects and how they 
may be prevented. ' 

Adapting Gas Welding to an Industry. R. C. Hosterman. The Welding 
Engineer (May, 1930), Vol. 15, No. 5, pp. 35-39. Cutting and welding torches 
are important aids to the plant requiring vessels and piping for chemical 
processes. 

Airplane Manufacture—Welding. Aluminum Welding in Aircraft Design. 
W. M. Dunlap. Aviation (May 24, 1930), Vol. 28, No. 21, pp. 1028-1034. 
Welding characteristics of aluminum and aluminum alloys with regard to air- 
craft use; physical properties of welds and treatment; investigation of welded 
and riveted gas-tank design made at laboratories of Aluminum Co. of America. 

Alloy Steel Guns Cast Centrifugally with Mounts of Welded Parts. The 
Iron Age (May 22, 1930), Vol. 125, No. 21, pp. 1521-1522. New and rapid 
process of making superior guns. Molybdenum alloy steels especially suited. Cold 
work applied by hydraulic pressure insures better properties. Gun carriages 
of welded, structural parts checked by x-ray. Lighter supports for guns ani 
greater ease of mobility. 

American Society of Mechanical Engineers Proposes Rules for Welding 
Boilers. Boiler Maker (March, 1930), Vol. 30, pp. 79-80. 

Are Welded Steel Boiler Manufacture. G. S. Schaller. Western Machy. 
World (March, 1930), Vol. 21, pp. 86-87. 

Arc Welding Chrome-Nickel. The Welding Engineer (May, 1930), Vol. 15, 
No. 5, pp. 49-50. The fabrication of an all-welded furnace-charging car from 
chrome-nickel steel parts serves as an interesting example in welding design 
and technique. 

Arc Welding on Texas-Empire Line. A. F. Davis. Pipe Line News (May, 
1930), Vol. 2, No. 6, pp. 22-23. 

Beam Connection Tests Discussed at Welding Meeting. Engineering News- 
Record (May 1, 1930), Vol. 104, No. 18, pp. 727-728. 

Bridges—Strengthening. Ry. Engineer (London), Vol. 50, No. 599 (Decem- 
ber, 1929), pp. 464-466. The Strengthening of Bridges by Electric Welding. 
Discussion of economics in bridge maintenance secured by electric welding. 

Butt Welds v. Fillet or Lap Welds. C. A. Masterton. Mechanical and 
Welding Engineer (March 20, 1930), Vol. 4, No. 3, p. 79. 

Chemical Industry Uses Gas Welding. R. C. Hosterman. Acetylene Jour- 

nal (June, 1980), Vol. 31, No. 12, pp. 491-496. The chemical engineer has a 
big problem in perfecting equipment required for his processes that the weld- 
ing torch helps solve. 
_Construetion Record Set on Union Oil’s 81-Mile Natural Gasoline Line from 
Kettles me to Coast. Lafe Todd. Pipe Line News (June, 1930), Vol. 2, 
No. 7, pp. 12-15. 

ontraet Mechanical Cutting. Acetylene Journal (May, 1930), Vol. 31, No. 

, pp. 458-456. A new service for manufacturers using steel shapes. 

estructive and Non-Destructive Tests of Welds. A. B. Kinzel and J. R. 
n. Mining and Metallurgy (June, 1930), Vol. 2, No, 282, pp. 308-313. 
ls have' been made available that permit testing the weld without re- 
to a laboratory immediately after it is made. Convenient non-destruc- 
sts. 
Not Use Them Carelessly. R. E. Manning. Acetylene Journal (June, 
Vol. 31, No. 12, pp. 501-502. Where oxy-acetylene torches are used the 
ors must be carefully trained in their proper use and every precaution- 
‘asure against fire provided. 


iency in Aircraft Welding. R. F. Hardy. Acetylene Journal (May, 
Vol. 31, No. 11, pp. 461-463. A large part of the success of aircraft 
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production depends on the welding department, which should be organized 
according to the four factors noted. 

Electric Welding, Are. W. Zimm. Elektroschweissung (Braunschweig) 
(April, 1930), No. 4, pp. 65-71. Metallurgy of Arc Welding. Chemica! and 
thermit processes of electric processes are discussed and compared with those 
of gas fusion welding, and practical conclusions are drawn. 

Electric Welding Machines—Exhibition at Leipzig. K. Baumgaertel. Elek- 
troschweissung (Braunschweig) (April, 1930), No. 4, pp. 76-79. Welding equip- 
ment displayed at Leipzig Spring Fair 1930. 

Electric Welding of Heavy Materials. J. F. Lincoln. Iron and Stee! Engi- 
neer (March, 1930), Vol. 7, pp. 126-127. Objections urged by manufacturers, 
who are now using castings or rivets and who consider use of arc welded stee! 
to replace their present methods, are given. 

Electric Welding, Resistance. H. A. Woofter. Welding (May, 1930), Vol. 
1, No. 7, pp. 468-470. Present trend in resistance welding. 

Fabrication of Stainless Sheet Steel and Monel Metal. M. E. Olsen. Metal 
Stampings (April, 1930), Vol. 3, pp. 347-348. Discussion of practice employed 
by large milk-products machinery manufacturer for welding formed parts of 
stainless sheet metals. 

Fabricates Road Building Units by Arc Welding Process. - Iron Trade Re- 
view (May 8, 1930), Vol. 86, No. 19, pp. 60-61. 

Flame Cutting by the Oxy-Acetylene Torch. E. J. Raymond. Mechanical 
and Welding Engineer (March 20, 1930), Vol. 4, No. 3, pp. 80-82. 

Fusion Welding Applied to Boilers and Pressure Vessels. C. W. Obert. 
Boiler Maker (March, 1930), Vol. 30, pp. 81-82. 

Gas Welding Chrome-Nickel Steel. The Welding Journal (May, 1930), Vol. 
27, No. 320, p. 147. High strength can be obtained in this material by making 
proper allowance for the peculiar characteristics of the metal. 

Gas Welding in the Pump Industry. Paul Ullmer. Acetylene Journal (May. 
1930), Vol. 31, No. 11, p. 465. The manufacture of pumps has long made use 
of castings. Investigation has shown that oxy-acetyiene welded units could b 
substituted to advantage in many places. 

Hard Surfacing with Oxy-Acetylene Welding Torch. Miles C. Smith. Weld 
ing (May, 1930), Vol. 1, No. 7, pp. 458-461. Some helpful suggestions are 
made which will aid greatly in the successful application of these materia's. 

High-Pressure Gas Line Laid Across Hudson River in Fast Time by Unusual 
Methods. H. C. Sandbeck. Engineering News-Record (May 15, 1930), Vol. 
104, No. 20, pp. 810-813. 

High-Pressure Power Station Piping Welded with Stock Fittings. J. H. 
Zink. Welding (April, 1930), Vol. 1, pp. 385-389. Savings in weight, costs 
and labor effected by application of stock fittings in new power plant at U. S. 
Bureau of Standards. 

Important Structures Welded. E. E. Thum. The Iron Age (May 1, 1930), 
Vol. 125, No. 18, pp. 1320-1321. Fourteen-story buildings planned. Num- 
yer ae tanker barges constructed. Code for super-power boiler drums con- 
sidered. 

Machinery Manufacture — Welding. Hannover. Ingenioren (Copenhagen) 
(April 19, 1930), Vol. 39, No. 16, pp. 189-193. Use of are welding in machine 
construction. Progress of arc welding is discussed; extent of its applica- 
tion; economical aspects; description of a.c. and d.c. welding machines. Bibli- 
ography. 

Model Specifications for Welding Piping. Mechanical and Welding Engineer 
(March 20, 1930), Vol. 4, No. 3, pp. 94-5. 

Modern Improvements in Electric Resistance Welding Machines. C. A. Had- 
ley. Welding Journal (London) (February, 1930), Vol. 27, pp. 47-50, pp. 77-8". 
Discussion in April issue. 

Modern Methods for Testing Welded Joints. P. Tulacz. Zeit. des Ober- 
schlesischen Berg-u. Huttenmannischen Vereins zu Katowice (Katowice) 
(April, 1930), Vol. 69, pp. 184-192. (In Polish and German.) Methods for 
testing welded joints used in Europe and America are explained and discussed, 
and several examples of their applications are described and illustrate: 

Natural Gas Pipe Lines—Electric Welding. Elect. West (May 1, 1939), 
Vol. 64, No. 5, pp. 236-237. Electric welding for natural gas. 
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Natural Gas Pipe Lines—Electric Welding. Construction Methods (May, 
1930), Vol. 12, No. 5, pp. 40-41. Mexico’s first arc welded pipe line. 

New Developments in Tube Welding. F. Owesney. Blast Furnace and 
Steel Plant (April, 1930), Vol. 18, pp. 620-621. 

Open Hearth Furnaces—Charging Machines. A. E. Gibson. Blast Fur- 
nace and Steel Plant (May, 1930), Vol. 18, No. 5, pp. 796 and 817. Welded 
Open Hearth Charging Machines. 

Oxy-Acetylene Tips (June, 1930), Vol. 8, No. 11. Natural Gas Connects 
Town. An Unexpected Cold Spell. For Repairing Old Oil Lines. Keeping the 
Highways Open. Machining on Heavy Forgings Reduced. Nothing to It. 
Sheet Metal Products. Hard Surfacing in the Paper Mill. Turning Spare Time 
Into Money. An Aid to Logging Machinery. 

Oxy-Acetylene- Welding Burners. E. Streb. Autogene Metallbearbeitung 
(Halle) (April 15, 1930), Vol. 23, No. 8, pp. 118-124. Mixture in Oxy-Acety- 
lene Burners. 

Petroleum Pipe Lines—River Crossings. D. E. Baldwin. Commonwealth 
Engineer (Melbourne) (March, 1930), Vol. 17, No. 8, pp. 285-287. Welded 
pipe lines under the River Yarra. Construction of 4-in. and 6-in. welded 
wrought-iron pipe lines across river, 730 ft. wide and 28 ft. deep, for conveying 
fuel oil and gasoline in vicinity of Melbourne, Australia. 

Precautions That Permit Are Welding with Safety. C. M. Taylor. Nat. 
Safety News (May, 1930), Vol. 21, pp. 24 and 90. 

Preheating Practices. The Welding Journal (May, 1930), Vol. 27, No. 320, 
pp. 141-145. Reason for, and methods of, preheating certain metals before 
welding and cutting. 

Present Trend in Resistance Welding. H. A. Woofter. Welding (May, 
1930), Vol. 1, No. 7, pp. 468-470. Widespread use of this process is attributed 
largely to making these machines either semi or fully automatic, thus elimi- 
nating the human element. 

Presses and Shears Arc Welded. C. M. Taylor. Iron Age (April 10, 1930), 
Vol. 125, pp. 1066-1078. Use of welding of steel plates and shapes in building 
up frames for large presses and shears which must be extremely strong and 
rigid; one press described has capacity of 1000 tons. 

Pressure Vessels—Electric Welding. Elec. Rev. (London) (May 2, 1930), 
Vol. 106, No. 2736, pp. 842-843. Arc-welding equipment. 

Pressure Vessels—Welding. L. W. Schuster. Mech. World (Manchester) 
(May 16, 1930), Vol. 87, No. 2263, pp. 467-468. The Strength and Design of 
Fusion Welds for Unfired Pressure Vessels. 

Preventing a Recurrence of Fractures. Acetylene Journal (June, 1930), 
Vol. 31, No. 12, pp. 503-504. Consideration of the causes of fractures before 
welding makes it possible to add reinforcement to prevent further breaks. 

Problems of the Small Structural Shop. I. B. Yates. The Welding Engineer 
(May, 1930), Vol. 15, No. 5, pp. 41-43. Success lies in showing the customer 
the benefits of welding, using proper design, and selecting a competent man 
to supervise the work. 

_ Progress in Structural Welding. American Contractor (April 5, 1930), Vol. 
ol, pp. 18-19 and 26. Continuation of serial. Also in Apri] 12, April 19 and 
May 3 issues of American Contractor. 

Proposed Specifications for Fusion Welding of Drums or Shells of Power 
Boilers. Acetylene Journal (May, 1930), Vol. 31, No. 11, pp. 463-464. 

Acetylene Journal (May, 1930), Vol. 31, No. 11, pp. 463-464. 

road Welding Practice in Europe. Part Il. Welding (May, 1930), Vol. 
7, pp. 455-457. All kinds of track equipment and repair tools reclaimed 
ling. Method of holding rails onto steel ties by welding. 

cing Costs of Resistance Welding. The Welding Engineer (May, 1930), 
. No. 5, pp. 51-53. The useful life of dies and electrodes is increased 
imes by facing with wear-resisting copper-tungsten alloys. 

: for Steel Fabrication. O. Bondy. Electroschweissung (Braunschweig) 
ry, 1980), No. 1, pp. 11-13. Reference is made to preceding article in 
sue, giving rules for design of welded steel structures; present article 
s instructions and suggestions to engineer for application of these 


ging Expensive Parts. A. Eyles. The Welding Engineer (May, 1930), 
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Vol. 15, No. 5, pp. 45-46. Maintenance costs reduced by welding parts of 
equipment that would otherwise have been scrapped. 

Small Crane Type Plate Shop All Welded. C. G. Watson. Welding (April, 
1930), Vol. 1, pp. 390-391. 

Some Recent Developments in Arc Welding. K. L. Hansen. Iron and Stee! 
Engineer (March, 1930), Vol. 7, pp. 113-116. Conspicuous developments in 
application of arc welding for hard surface weld deposits on tools; considera- 
tion in design of welding rods; welding corrosion-resisting alloys, and non- 
ferrous metals. 

Some Remarks on Structural Steel Welding. Engineering and Contracting 
(May, 1930), Vol. LXIX, No. 5, pp. 215-216. 

Specifications for Electrically Welded Steel Structures. B. H. Ter Kuile. 
Ingenieur (Hague) (Jan. 24, 1930), Vol. 45, pp. B33-B39, and discussion, pp. 
B55-B56 (Feb. 28, 1930). 

Structural Steel Welding. F. P. McKibben. Iron and Steel Engineer (March, 
1930), Vol. 7, pp. 151-15la. Brief article covering present status; welding and 
building codes; tests on welded joints; welded plate girder; qualification of 
welders; inspection of shop and field welding. 

Structural Steel Welding. American Contractor (April 26, 1930), Vol. 51, 
No. 17, pp. 16-18. Progress in Structural Welding. Review of several im- 
portant welded structures; development of technique in structural welding. 
(Continuation of serial.) 

Structural Steel Welding. P. I. Baker. Welding (May, 1930), Vol. 1, No. 7, 
pp. 462-463. Welded Truss Joints for Floor Construction. Description of ad- 
vantages obtained by erecting with welding steel framework of private homes; 
sketches show detail of joist bearing and cross section through joints. 

Studies of Arc Welding of Cast Iron with Metallic Electrodes. Shun-Ichi 
Satch. Revue de Metallurgie (Paris) (January, 1930), Vol. 27, pp. 37-48. Notes 
on preparation of electrodes; electric welding of series of iron castings; char- 
acteristic properties of certain elements in arc welding are described in sup- 
plement. 

Supplementary Welding of Rolled-On Flanges. H. Holler. Autogene Metall- 
bearbeitung (Halle) (April 1, 1930), Vol. 23, pp. 99-104. Rolled-on pipe-fiange 
connections to pipes may be given added security by welding; most common 
connections are studied and discussed; applications of welding illustrated. 

Synchronous Converters Now Arc-Welded. R. H. Newton and R. S. Mar- 
thens. Elec. Jnl. (April, 1930), Vol. 27, pp. 195-199. 

Testing Welds with Stethoscope. Mechanical and Welding Engineer (March 
20, 1930), Vol. 4, No. 3, pp. 93 and 96. New non-destructive method provides 
effective means for checking quality of welded products. 

The Economic Factors and Quality in Welding. A. W. Moulder. Nat. Assn. 
Heating and Piping Contractors Bul. (April, 1930), Vol. 37, pp. 91-96. 

The Fusion News (May, 1930), Vol. 1, No. 11. Rebuilding Main Line Rail 
Ends, by R. O. Waldman. Co-Operation in the Welding Industry, by W. Spra- 
ragen. Welded Tank Test, by H. C. Boardman and A. Bernard. 

The Fusion News (June, 1930), Vol. 1, No. 12. Control of Weld Properties, 
by R. W. Holt. Maximum Penetration, by A. Bernard. Welded Press Con- 
struction, by D. C. Verson. 

The Fusion Welding of Unfired Pressure Vessels. Mechanical and Welding 
Engineer (March 20, 1930), Vol. 4, No. 3, pp. 101-104. 

The Influence of Oxy-Cutting on the Strength of Structural Steel. E. J. Ray- 
— nape and Welding Engineer (April 20, 1930), Vol. 4, No. 14, pp. 
132 and 1365. 


The Institution of Welding Engineers Promotes Competition Amongs' 
Operative Welders for Best Paper on “Welding Practices and Methods.” The 
Welding Journal (May, 1930), Vol. 27, No. 320, p. 159. 

The Manufacture of Electric Welded Pipe. U. A. Peters. Rolling Mil! Jour- 
nal (April, 1930), Vol. 4, pp. 151-153. Review of development in production of 
pipe by electric seam-welding process. 

The Metallurgical Aspect of Welding. A. H. Goodger. Manchester Ass”. 
——— Trans. (Manchester) (1928-29), pp. 113-120. a3 

he Oxy-Acetylene Blowpipe for Heating and Straightening. Mec':anica! 
and Welding Engineer (April 20, 1930), Vol. 4, No. 4, pp. 114-116. 
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The Oxy-Acetylene Flame. D. Seferian. Mechanical and Welding Engi- 
neer (March 20, 1980), Vol. 4, No. 3, pp. 84-88. 

The Scope of Are Welding in Crane Construction. Mechanical and Welding 
Engineer (March 20, 1930), Vol. 4, No. 3, p. 98. 

The Scope of Are Welding in Reclaiming Worn Parts of Machinery. Mechan- 
ical and Welding Engineer (April 20, 1930), Vol. 4, No. 4, p. 134. 

The Training of Operators in the Welding and Cutting Industries. John 
Ryder. The Welding Journal (May, 1930), Vol. 27, No. 320, pp. 137-140. Dis- 
cussion. 

The Weldability of Wrought Iron. J. E. Fletcher. Iron and Steel Industry 
(London) (April, 1930), Vol. 3, pp. 215-216. 

The Welding of Special Equipment. E. E. Brosius. Welding (May, 1930), 
Vol. 1, No. 7, pp. 478-479. 

Thermit Welding and the Steel Mill. J. H. Deppeler. Mechanical and Weld- 
ing Engineer (March 20, 1930), Vol. 4, No. 3, pp. 90-92. Superheated, gas-free 
steel, carrying a little aluminum, solidifies into metal tough as a forging. 
Proper procedure necessary for success. 

Training Welders for Aircraft Work. D. S. Lloyd. Canad. Aviation 
(Toronto) (April, 1930), Vol. 3, pp. 29-32. 

Two Fundamentals in Aircraft Welding. K. Perkins. West. Machy. World 
(April, 1930), Vol. 21, pp. 141-143. 

Unsolved Problems in Structural Welding. G. D. Fish. Welding (May, 
1930), Vol. 1, No. 7, pp. 453-454. When and where to use different types of 
welded joints and some questions pertaining to erection. 

Welded Aluminum in Chemical and Process Industries. W. M. Dunlap. 
Mechanical and Welding Engineer (April 20, 1930), Vol. 4, No. 4, pp. 137-140. 
A study of its corrosion and weld strength properties. 

Welded Girders Fabricated by Machine. A. D. Benson. The Iron Age (May 
8, 1930), Vol. 125, No, 19, pp. 13882 and 1429. Bridge carrying welding equip- 
ment travels down bay within which units are assembled. 





A Torchweld torch or regulator 

is always safe, dependable and fast 

im operation, uses less acetylene 

- and oxygen, increases production 

Write for Catalog No. 29. and reduces maintenance costs. 


TORCHWELD EQUIPMENT COMPANY 
_ 224 N. Carpenter St. Chicago, Illinois 








CESCO 
No. 519 FITOVER Goggle 


Fits Directly Over Corrective 
Spectacles 


Absolute protection without loss of 
vision. 
FOR ALL . . 
OPERATIONS, Write for further details 


WELDING, GRINDING, CHICAGO EYE SHIELD CO. 
CHIPPING, ETC. 
2300 Warren Blvd., Chicago, Ill. 
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THE INCREASING USE OF THE TELEPHONE REQUIRES THE EXPENDITURE OF HUNDREDS OF MILLIONS ff 
ANNUALLY FOR EXTENSIONS AND IMPROVEMENTS ' 








It keeps faith with your needs 


An Advertisement of the American Telephone and Telegraph Company 


You have found a constantly growing use 
for the telephone. You have learned its 
value in business. You have found it help- 
ful in keeping contact with family and 
friends. Its increasing use has given the 
telephone its humanly important place 
in modern life and requires the expendi- 
ture of hundreds of millions annually for 
extensions and improvements. 

In 1929 the Bell System’s additions, 
betterments and replacements, with new 
manufacturing facilities, meant an expen- 
diture of 633 million dollars. During 1930 
this total will be more than 700 millions. 

Definite improvements in your service 
result from a program of this size and 
kind. They start with the average time 
required to put in your telephone 
—which in five years has been cut 
nearly in half. They range through 
the other branches of your service, 


even to calls for distant points—so that 
all but a very few of them are now com 
pleted while you remain at the telephone 

In order to give the most effectivg 
as well as the most economical servicy 
the operation of the Bell System 
carried on by 24 Associated Companies 
each attuned to the part of the count 
it serves. 

The Bell Laboratories are constant} 
engaged in telephone research. The West 
ern Electric Company is manufactunng 
the precision equipment needed by ti 
System. The staff of the American Te 
phone and Telegraph Company is dev: 
oping better methods for the use of M& 
operating companies. , 

It is the aim of the Bel 
System continually furnis 
a better telephone service ® 
the nation. 


Our Advertisers Are Supporting the Society. 








